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ABSTRACT 
  
The aim of this study was to explore and describe the body fatness and associated 
selected health risk factors among 10 to 12 year old adolescents attending schools 
in Port Elizabeth. Therefore the objectives of the study were to determine the 
following for the participants:  
 
• Level of fatness: weight, height, waist circumference, maximum hip 
circumference and skinfolds;   
• Fat intake;   
• Level of physical activity involvement (IPAQ). 
 
To achieve the aim and objectives of this study, the literature pertaining to Childhood 
Obesity and the possible effects thereof, were reviewed. Both an ex post facto quasi 
experimental and randomized one-group posttest only designs were used to 
describe the level of fatness and to identify the incidence of overweight and obesity 
among adolescents aged 10 to 12 years attending schools in Port Elizabeth.    
 
The test battery included anthropometric measurements that were identified from the 
literature as the factors most important to categorise body fatness such as weight, 
height, circumferences and skinfolds to determine the level of fatness of the 
participants.  A 21-item Fat Measure for Dietary Intake and International Physical 
Activity Questionnaire were administered to determine the levels of fat intake and 
physical activity.  
 
Three hundred (300) adolescents were assessed of which 143 were male and 157 
were female.  In terms of socioeconomic status, 71.3% were from the ‘less poor’ 
quintile schools and 28.7% were from the ‘more poor’ quintile schools. The results 
obtained from the evaluation of the samples were compared in terms of their 
descriptive statistics and the differences were tested for statistical and practical 
significance.  
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The results from the study showed that 26.7% of the participants were overweight 
and 14.7% were obese according to their skinfold measurements.  In terms of body 
mass index, 79.7% of the participants were overweight and 14.3% were obese.  
These results are far higher than majority of the studies included.  Physical activity 
indicated a reduction in body fatness and the most physically active participants 
were obese.  Lastly, body fat percentage and body mass index are very closely 
related. 
  
In conclusion, from these results it is apparent that interventions need to be 
introduced into Port Elizabeth schools to aid in the reduction of the obesity levels 
and that physical activity forms an integral part of those interventions.  It is also clear 
that body fat percentage and body mass index need to be used simultaneously. 
 
Key words: Adolescents, body fatness, obesity, Body Mass Index, Physical Activity, 
dietary intake. 
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CHAPTER 1: PROBLEM IDENTIFICATION 
 
1.1 INTRODUCTION 
 
Obesity is not new to mankind. However, its incidence has been on the rise 
over the past 30 years in most industrialized countries as well as developing 
countries such as those in Africa resulting in obesity having become a chronic 
disease (Brown, 2006:58).  Wilding (2006:501) suggests that obesity develops 
in an individual when energy intake exceeds energy expenditure over a long 
period such as when there is an increase in the consumption of high energy 
food and at the same time a dramatic decline in physical activity levels.   
 
Obesity is not only an adult, but also a childhood and adolescent problem.  
The Obesity Prevention Source states that childhood obesity affects both rich 
and poor countries, but places more burden on the poorer countries.  Many 
low-income countries actually face a dual burden where there is extreme 
malnutrition and on the other hand the increasing burden of obesity (Harvard, 
2012:1).   In the USA, 1 in 3 children between the ages of 2 and 19 years, are 
overweight and obese and as many as 1 in 6 children in this age category are 
obese (American Heart Association, 2012:1), this translates to 16.9% of 
children in the US (Ogden, Carroll, Brian, Flegal, 2012:2). In the United 
Kingdom, the National Health System has published statistics on obesity in 
2012.  A total of 17.1% of boys and 14.8% of girls are classed as obese 
(2012:23).  Australia is also considered one of the fattest countries in the 
world.  The Australian Society for the Study of Obesity reported recently that 
25% of Australian children and adolescents are overweight or obese 
(Livestrong, 2011:4).  In Mexico and Argentina the numbers are 33% and 35% 
respectively for children that are overweight or obese (Harvard, 2012; p: 4).  
When we look closer to home, South Africa’s statistics are just as high with 
17% of girls and 11% of boys between the ages of 6 and 13 years overweight 
or obese (Harvard, 2012:7). 
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The causes of obesity are large and varied.  It was suggested by Wilding 
(2006:501) that there are many factors that result in the increase in obesity 
amongst adolescents.  Realising what these factors are plays a very important 
role in developing a solution that can result in the epidemic of adolescent 
obesity to decrease.  One of the identified risk factors according to Wilding 
(2006:501) is environmental causes such as social pressure and food 
marketing.  There has been an increased consumption of energy-dense foods 
which produce a less powerful satiety response leading to the phenomenon of 
passive over consumption.  Furthermore, physical activity has decreased as 
much as energy intake has increased, partly due to labour-saving devices 
such as cars and sedentary leisure-time pursuits such as television watching 
and computer games.  Davison, Marshall and Birch (2006:32) found that 
society today has become obsessed with the digital world and therefore more 
and more adolescents are spending time in front of the television or computer, 
rather than outside in the open, taking part in physical activity. 
   
Cecil, Watt, Murrie, Wrieden, Wallis, Hetherington, Bolton-Smith and Palmer 
(2005:1199) suggested that another possible factor that may cause obesity is 
that persons of low socioeconomic status consume food generally high in fat 
and carbohydrates and lower in fruits and vegetables.  The increased 
availability of inexpensive, energy-dense low-nutrient food, increased tobacco 
smoke exposure and disturbed sleep patterns may play important roles in 
adolescent obesity among the lower socioeconomic population.   
 
It is also suggested that obesity can be caused by complex interactions 
between genetics and environmental factors.  There is growing recognition 
that the built environment in which adolescent’s lives is likely to play an 
important role with respect to adolescent obesity (Kipke, Iverson, Moore, 
Booker, Ruelas, Peters and Kaufman, 2007:325). Furthermore the safety 
levels of the area or zone in which they live, the type of transportation used by 
the parents and the adolescents, and the land use and community design also 
have the potential to influence the increase in adolescent obesity (Kipke et al., 
2007:325).  Ultimately obesity results from a positive energy balance. 
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The concern with obesity and particularly an increase in the incidence of this 
phenomenon is the risk that obesity has for the health status of a person.  
Overweight and obese adolescents suffer from a range of health problems, 
including psychological, social, developmental and physical problems 
(Denney-Wilson, Booth and Baur, 2003:105).  A very important consequence 
of obesity or overweight is the fact that adolescents who are obese are often 
socially ostracised and teased, putting them at risk for depression and 
isolation (Hamilton, 2007:66).  This emotional state can lead to an increased 
intake of unhealthy foods that are high in sugar and low in fiber that causes 
adolescents to produce more insulin.  This leads to a chemical reaction in 
their body which results in them craving unhealthy food (Hamilton, 2007:66).  
Sheehan and Yin (2006:308) suggested barriers to reducing obesity include 
the public perception that obesity is primarily a result of personal weakness 
and our environment, where advertising, supersizing, and the abundance of 
fatty and unhealthy food are increasingly tempting to adolescents and 
families.  Adolescents are not fully responsible for their own health choices 
and rely on adults to protect and nurture them; therefore, they need an 
environment that supports healthy options and protects them from 
unnecessary risks, for example by preventing the manipulation of adolescents 
in the marketing of fast food.   
 
In South Africa there is the perception that obesity is on the rise particularly 
among school children, but very little data is available to substantiate this 
perception.  Kruger, Kruger and Macintyre (2006:351) refer to evidence of an 
increasing trend of chronic energy deficiency coexisting with obesity in many 
lower-income/developing countries (China, South Africa, and Brazil).  
Population groups in the process of transition owing to urbanisation 
experience greater problems with dietary and activity pattern changes, 
resulting in higher obesity levels.  They further suggest that an early 
identification of children at risk in relatively diverse geographic/cultural 
populations through suitable determinants is essential for prevention of 
adolescent obesity.  The World Health Organisation (WHO) stated in 2003 
that Noncommunicable Diseases (NCD), for example cardiovascular disease, 
obesity and type 2 diabetes mellitus, kill more people every year than any 
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other cause of death in Africa.  Close to 80% of the NCD burden is now found 
in the developing world, moving to lower and lower socioeconomic groups and 
contributing strongly to inequities in health.  Further research suggests that 
there is a high prevalence of overweight found in African countries, which 
concerns adults and children alike (WHO, 2003:1).   
 
More recently the WHO stated that the fundamental cause of childhood 
overweight and obesity is an energy imbalance between calories consumed 
and calories expended.  Further they suggested that global increases in 
childhood overweight and obesity are attributable to a global shift in diet 
towards increased intake of energy-dense foods that are high in fat and 
sugars but low in vitamins, minerals and other healthy micronutrients as well 
as a trend towards decreased physical activity levels due to the increasingly 
sedentary nature of many forms of recreation time, changing modes of 
transportation, and increasing urbanization (WHO, 2012:1).  The WHO also 
suggests that there are societal reasons for the childhood obesity epidemic.  
There are changes in society and childhood obesity which are mainly 
associated with unhealthy eating and low levels of physical activity, but the 
problem is linked not only to children's behaviour but also, increasingly, to 
social and economic development and policies in the areas of agriculture, 
transport, urban planning, the environment, food processing, distribution and 
marketing, as well as education.  WHO went further to say that unlike most 
adults, children and adolescents cannot choose the environment in which they 
live or the food they eat.  They also have a limited ability to understand the 
long-term consequences of their behaviour.  They therefore require special 
attention when fighting the obesity epidemic (WHO, 2012:1). 
 
Finally the International Association for the Study of Obesity states that the 
epidemic of obesity is now recognized as one of the most important public 
health problems facing the world today.  Tragically, obesity is more common 
globally than under-nutrition.  Over 200 million school-age children are 
overweight, making this generation the first predicted to have a shorter 
lifespan than their parents (IASO, 2012). 
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Given the major health risks that excess body fatness holds for mankind, the 
potential escalating effect of childhood and adolescent obesity as well as the 
fact that many of the contributing factors to this condition can be positively 
rectified, it seems justified to appropriately address this problem.  Therefore in 
order to convince authorities to take action against such a threat, research is 
required to address the following question, namely what is the current status 
of body fatness among children in Port Elizabeth schools and to what extent 
are factors such as low levels of physical activity and high levels of fat intake, 
associated with obesity?  This particular study aims to contribute to the 
fulfillment of this need.  
 
1.2 AIM AND OBJECTIVES 
 
1.2.1 AIM 
 
The specific aim of this study was twofold: firstly to explore and describe body 
fatness among 10 to 12 year old adolescents attending schools in the Port 
Elizabeth area; and secondly to determine the association of selected health 
risk factors with this phenomenon. 
 
1.2.2 OBJECTIVES 
 
In order to achieve the primary aim of this study successfully, the following 
objectives were set: 
• To describe and compare the following anthropometric measures of the 
sample of the selected adolescents per age group and per age per 
gender groups: height, weight, skinfolds, as well as waist  and hip 
circumference;   
• To calculate, describe and compare the following from the above-
mentioned anthropometric measures per age group and per age per 
gender groups: Body mass index (BMI), percentage body fat and waist-
to-hip ratio and to utilize the results to determine levels of fatness of the 
selected adolescents tested and to classify them accordingly; 
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• To describe and compare the levels of physical activity that the selected 
adolescents are currently involved per age group and per age per gender 
groups; 
• To describe and compare the level of fat intake of the selected 
adolescents per age group and per age per gender groups; 
• To describe and compare the level of maturity of the selected 
adolescents by using grip strength and height measurements in the case 
of the boys and age of menarche in the case of the girls, to control for 
this factor in the interpretation of the results; 
• To describe and compare the distribution of participants in respect of 
their socioeconomic status as determined by the quintile classification 
system of the school that the individual attended, to control for this factor 
in the interpretation of the results;  
• To determine the relationship between body fatness as measured by 
each of the following measurements of the selected adolescents: Body 
mass index (BMI), percentage body fat as well as waist-to-hip ratio and 
physical activity and fat intake respectively; 
• To determine the relationship between physical activity and each of the 
following measurements of the selected adolescents: Body mass index 
(BMI), percentage body fat, waist-to-hip ratio, physical activity and fat 
intake. 
 
1.3 SCOPE OF THE STUDY 
 
This study was exploratory and quasi-experimental in nature and utilized a 
quantitative approach.  Both an ex post facto design and randomized one-
group posttest only were implemented.  This design searches for variables 
that discriminate amongst sample groups.   
 
The sample consisted of 300 male and female school-going children drawn 
from Port Elizabeth Primary schools.  The children’s ages ranged from 10 to 
12.99 years.  This age range was chosen specifically to coincide with the age 
range dictated by the adolescent maturation stage.   
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The data collection process of this study took place from September 2007 to 
July 2008.  Due to the school terms and the nature of the school year, the 
tester was only able to conduct the testing at specific times and therefore this 
resulted in the testing being conducted over a period of 10 months.   
 
All the children were evaluated by means of a test battery which included 
anthropometric measures, grip strength (males only), 21-item Fat Measure for 
Dietary Intake (Edited for South African foods) and the International Physical 
Activity Questionnaire (IPAQ).   
 
Descriptive statistics were used to determine the means and standard 
deviations of each variable.  In order to compare specific variables and groups 
to one another inferential statistics were employed and statistical significance 
levels set at p<.05 and practical significance set at Cohen’s d>0.2 in the case 
of t-tests and Cramer’s V>0.10 in the case of Chi-Square tests were used.   
 
1.4 CONCEPT CLARIFICATION 
 
The following concepts are clarified in order to facilitate the understanding of 
this research project: 
• Body Composition: Body Composition is defined as the relative 
percentage of muscle, fat, bone and other tissue of the body (Corbin, 
Welk, Corbin and Welk, 2004:8).   
• Obesity: Obesity is defined as an abnormal or excessive fat accumulation 
that presents a risk to health (WHO, 2012:1).  It is also considered a 
medical condition (IASO, 2012:1). 
• Overweight: Overweight is excessive or extra weight that is above a 
weight considered normal or desirable (Oxford Dictionary, 2012:1). 
• Adolescent: The World Health Organisation defines the age of 
adolescence as between 10 and 18 years, but the age can range from 8 to 
19 years in girls and 10 to 22 years in boys.  Structurally, adolescence 
begins with the acceleration in the rate of growth in stature, marking the 
adolescent growth spurt.  Functionally, adolescence is viewed in terms of 
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sexual maturity, both hormonal and physical (Malina, Bouchard and Bar-
Or, 2004:88).   
• Body Mass Index: Body Mass Index (BMI) is a number calculated from a 
child's weight and height and is a reliable indicator of body fatness for 
most children and teens. BMI is an inexpensive and easy-to-perform 
method of screening for weight categories that may lead to health 
problems (Centre for Disease Control, 2011:1). 
• Skinfolds: This is a double fold of skin and subcutaneous adipose tissue 
which is measured by means of calipers which apply a constant pressure 
over a range of thickness (Eston and Reilly, 2001:16).   
• Body fat percentage/body fatness: Body fat percentage is the 
proportional amount of fat in the body based on the person’s total weight 
which includes both essential and storage fat (Hoeger and Hoeger, 
2003:112). 
• Waist-to-hip-ratio: A further method of describing body fat distribution is 
with a waist-hip ratio and it is used extensively to ascertain whether or not 
the participant’s health is at risk due to their level of fatness as it has a 
very high correlation to coronary heart disease, strokes and diabetes 
(Norton and Olds, 1996:382).  This is measured by a ratio of the waist girth 
to the hip girth (Norton and Olds, 1996:378) 
• Physical Activity: Physical Activity is any bodily movement produced by 
skeletal muscles that result in energy expenditure (Hands, Parker, 
Glasson, Brinkman, and Read, 2004:18). 
• Quintile: The Webster Dictionary (2012) clearly defines a quintile as “any 
of the four values that divide the items of a frequency distribution into five 
classes with each containing one fifth of the total population; or any one of 
the five classes” (Meriam-Webster Inc., 2012:1).  In South African schools 
quintiles are used to classify the SES of each school according to the 
income of the school and the average income of the population 
surrounding the school.  The quintiles range from ‘least poor’ to ‘most 
poor’. 
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This chapter has clearly stated the incidence of obesity on a global stage as 
well as locally and why this is a concern to South African society.  Because of 
this concern a research question has been posed and from that the specific 
aims and objectives of the study have been clearly formulated.  The scope of 
the study was briefly outlined, including the data collection process.  Lastly the 
chapter defined very important concepts that are integral to the understanding 
of the research project. 
 
The rest of this research document will give details on the research conducted 
for the project, including a literature review conducted to place the research in 
context and to assist with the interpretation of the study findings.  The 
document also contains detailed accounts of the methods and procedures 
used in the current study, the results and the relevant discussion thereof.  
 
The next chapter is an exhausted review and exploration of all the research 
obtained on the relevant research topic. 
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CHAPTER 2: LITERATURE REVIEW 
 
2.1 INTRODUCTION 
 
Childhood obesity is a growing epidemic that is taking on very worrying 
proportions in both developed and developing countries.  There are many factors 
that contribute to this problem as it is a very complex and dangerous situation.  
Its presence is not dictated by the country in which an individual lives, their 
ethnicity, gender, age, socioeconomic status or maturation level.  It occurs 
across all spectrums of the human condition.  The seriousness of the problem is 
measured by various means that are dictated according to the age and gender of 
the study population.  The first part of this chapter begins by giving detailed 
background information on obesity and body fatness, with research that has 
been conducted around the issue.  It continues by looking at the possible causes 
of the epidemic and the ways in which it is measured and quantified.  It closes off 
by looking at the national and worldwide statistics.  The second section of this 
chapter looks at three very important and internationally recognised 
measurements of obesity and body fatness, namely skinfolds, body mass index 
and waist-to-hip-ratio.  It looks at the benefits and limitations of each of them and 
why they were used.  Lastly this chapter looks at four factors that research has 
shown to have an influence on the levels of obesity and body fatness, namely 
socioeconomic status, levels of physical activity, levels of fat intake and 
maturation status.  They are each deeply investigated to ascertain whether there 
is in fact a causal relationship between them and obesity.  With regards to each 
component research is presented to show the rationale behind the concern for 
each one and why each one was included and analysed in the current study.  In 
each section the researcher attempted to exhaust the research resources 
available on the relevant subjects and discuss them in a logical manner. 
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2.2 BODY FATNESS AND OBESITY 
 
2.2.1 DEFINITION OF BODY FATNESS AND OBESITY 
 
The increase in the incidence of obesity is a worldwide problem and it affects 
both developed and developing countries.  There are many different definitions of 
which a few are seen here below: 
 
Obesity is  
an excess of body fat deposition [that] is caused by an imbalance 
between energy intake and energy expenditure [with] many genetic 
and environmental factors that influence this balance (Ali and 
Crowther, 2009:81). 
 
A further description of childhood obesity, is  
an increase in body weight above that of the skeletal and physical 
standards as a result of over-accumulation of body fat (Truter et al., 
2010:227). 
 
Wisniewski and Chernausek (2009:77) defined obesity as  
the buildup and storage of fat that is hazardous to health and it is 
associated with various chronic diseases that are very dangerous to 
a person’s health as they have a negative effect on the length and 
quality of life (Wisniewski and Chernausek, 2009:77).   
 
With regards to using the expressions overweight and obesity in children, obesity 
is seen as a term that indicates a sense of urgency that requires medical 
attention as it shows the severity of the disease (Daniels, Arnett, Eckel, Gidding, 
Hayman, Kumanyika, Robinson, Scott, St. Jeor and Williams, 2005:1999).  The 
authors described obesity as an uneven difference between how much energy is 
consumed and how much is spent which results in a buildup of adipose tissue 
which should be a fuel source, but instead becomes a disease.  It has also 
shifted from being a means of survival, (people eat to live), to a life of indulgence, 
(people live to eat) (Daniels et al., 2005:1999-2000).   
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Overweight can be defined as  
abnormal or excessive fat accumulation to the extent that it may 
have adverse effects on the health and well-being of the individual 
(Rossouw, Grant and Viljoen, 2012:1). 
 
Sizer and Whitney (2003:318) stated in their research that in a clinical setting, 
obesity is defined as having a body mass index (BMI) greater than 30 kg/m2.  
According to the Center for Disease Control (CDC), "overweight" and "obesity" 
are both labels for ranges of weight that are greater than what is generally 
considered healthy for a given height.  The terms also identify ranges of weight 
that have been shown to increase the likelihood of certain diseases and other 
health problems.  Sizer and Whitney (2003:318) went further to state that obesity 
is a chronic condition that requires a long-term practice of preventive behaviours. 
 
Another term that is used to describe body composition is body fatness which is 
an  
abundance and often an excess of flesh (The Free Dictionary, 
2012:1). 
 
2.2.2 REVIEW OF RESEARCH PERTAINING TO BODY FATNESS AND 
OBESITY 
 
Livingstone (2001:109) stated that to define childhood overweight and obesity is 
not an easy task due to the changes a person goes through as they age in their 
younger life.  Their body composition transforms all the time, which creates 
difficulties in differentiating between what is considered too much weight versus 
ordinary weight.  Ross and Scott (2006:7) suggested that the definition of 
childhood obesity has also changed over the years in terms of measurements 
such as height, weight and skinfolds as surrogates of body adiposity.  They 
further noted that in the past the lack of a standardised definition has limited 
research and may have resulted in children being overlooked that were at risk.  
Today, the accepted definition of childhood obesity is similar to adults in that it is 
based upon the body mass index (BMI): BMI = weight (kg)/height (m2).  For 
adults, the cutoffs for overweight and obesity are related to health risks and are 
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convenient round numbers.  For children, the cutoffs were based upon 
percentiles from age and gender specific growth curves and are used from age 2 
to 20 years (Ross and Scott, 2006:7). The most current internationally accepted 
growth curves were updated in 2000 by the Centers for Disease Control (CDC) 
and the National Center for Health Statistics.  Various studies continue to use 
different cutoff percentiles. Cutoffs intended for the comparisons of obesity 
prevalence among different countries tend to be the most conservative and while 
they are very specific, they are less sensitive. Likely, the most commonly used 
definition is: For children, overweight = BMI>85 percentile and obesity = BMI>95 
percentile (Ross and Scott, 2006:7). 
 
Rating levels of body fatness is associated with the ideas of overweight, obesity 
as well as thinness.  However there is less interest in thinness and more in 
obesity, unless thinness is associated with malnutrition or starvation.  Body fat is 
referring to the percentage of the total body weight that is made up of fat tissue 
or the final quantity in kilograms of total body fat (Roche, Siervogel, Chumela and 
Webb, 1981:2831).  Another aspect to consider is that of what is defined as too 
much body fat or too little, where anything above the 90th percentile, suggests a 
surplus (Roche, Siervogel, Chumela and Webb, 1981:2832).  
 
Norton and Olds (1996:172) stated that body fat stores continuously change 
throughout the life cycle.  There is an increased level of fatness during the initial 
year after birth, after which they decrease and reach the lowest levels from the 
6th to 8th year of life.  The subcutaneous fat levels then gradually increase as the 
individual develops and grows, but there is a perceptible dip at the time that the 
growth spurt occurs which is 11 to 12 for girls and 14 to 16 for boys (Norton and 
Olds, 1996:172).  This occurrence could be linked to the fact that with the growth 
spurt, there is a drastic increase in height and therefore a decrease in fat.  It is 
important to note here, that the growth spurt occurs sometime during puberty, but 
is not present the entire time.  Therefore the evidence that looks at puberty and 
obesity is still relevant.   
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Ross and Scott (2006:8) went further to state that Childhood obesity has reached 
epidemic proportions in the U.S. and many other industrialized nations around 
the world. There is grave concern about this trend and the impact that it will have 
on the health of our children now and as they become adults.  Hands, Parker, 
Glasson, Brinkman and Read (2004:15) stated that trend data over the last 
twenty years suggests that there has been a rapid increase in the prevalence of 
overweight and obesity in children and adolescents.  Moreover it appears that 
children and adolescents are less active on a daily basis than ever before.  In 
children, as with adults, physical activity reduces heart disease risk factors, body 
fat, visceral fat, and risk of Type 2 diabetes (Hands et al., 2004:16).  Harper 
(2006:288) stated that the incidence of obesity in young people is a complex 
interaction of social, environmental, and policy factors has influenced both eating 
habits and levels of physical activity resulting in an environment in which it is 
difficult for a child to maintain an ideal or healthy bodyweight.  Other societal 
factors have contributed to inactivity among children. For example, unsafe 
neighbourhoods, especially in low socioeconomic areas, have forced children 
indoors (Harper, 2006:288). In addition, with both parents working, children often 
spend after-school time home alone and may not be allowed outdoors.  
Furthermore, communities are not designed to promote physical activity.  In 
addition to physical consequences, obese children suffer from emotional health 
problems. Poor self-esteem and depression are common (Harper, 2006:288).  In 
fact, poor self-esteem has been noted in overweight girls as young as 5 years.  
Social health of children also suffers as a result of obesity. Obese individuals are 
stigmatized in American society.  These children are often the victims of negative 
stereotyping, discrimination, teasing, and bullying (Harper, 2006:288). 
 
Obesity is associated with an increase in the amount of energy supplied to the 
body and relative sedentary behaviour and genetics defines how the body reacts 
to these two factors (Graf, Koch, Kretschmann-Kandel, Falkowski, Christ, 
Coburger, Lehmacher, Bjarnason-Wehrens, Platen, Tokarski, Predel and Dordel, 
2004:22). 
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The concern surrounding the epidemic stems from the fact that obesity is a major 
health risk and can become a very serious societal problem.  It has a very high 
risk association to hypertension, cardiovascular disease, diabetes, breast cancer, 
colon cancer and various respiratory issues (Kažoka and Vētra, 2007:176).  Dr. 
Robert Pretlow stated that diseases that have only been seen in adults are 
starting to present themselves in children and the problem is that obese children 
are more than likely going to be obese adults with many metabolic, pulmonary, 
sleep and skeletal disorders.  A statistic states that obese teenagers’ arteries are 
in the same condition as 45 year olds’ and their generation will have three times 
as much heart disease at the age of 35 than today’s generation.  Due to this fact 
it has been hypothesised that today’s children will have a shorter life expectancy 
than their parents (2010:1).  Interestingly it has been noted that obesity during 
infancy is not as predictive of adult obesity as childhood and adolescent obesity 
is, with 13 to 18 year old results being the most useful predictors (Livingstone, 
2001:111). 
 
The situation in today’s children can be attributed to the combination of an 
increase in the amount of energy consumed and a decrease in the amount of 
energy spent.  Many studies have noted the relationship between hours spent 
viewing television, sedentary behaviour, not eating breakfast, drinking of sugary 
cold drinks and obesity.  There are contradictory results from the eating of fatty 
foods and developing obesity and there is not enough convincing evidence on 
the correlation between losing weight when consuming more fruit and vegetables 
(Carlson, Crespo, Sallis, Patterson and Elder, 2012:110).   
 
Evidence has proven continuously that obesity in children is not a temporary 
condition limited to phases associated with growth but is rather a condition that is 
resilient and brings with it a myriad of negative comorbidities that happen as 
people age (Spruijt-Metz, 2011:129).  The strain placed on health does not only 
happen at an individual level but also occurs at a national level which was shown 
in America where in 1998 the yearly health cost to the government associated 
with obesity was 6.5% and it amplified to 9.1% of the total money spent on 
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medical conditions in 2006 (Spruijt-Metz, 2011:129).  It has been calculated that 
medical costs are 42% higher for obese people than for healthier weighted 
individuals and it is more costly than both smoking and alcohol consumption 
(Spruijt-Metz, 2011:129). 
 
From a young age, self-esteem and physical attractiveness are closely linked 
and defined by what society dictates as attractive.  A study conducted with 
university students, showed that they perceived overweight or obese people as 
careless dressers, miserable, strained and most likely to have an unskilled job 
(Norton and Olds, 1996:250-251). 
 
2.2.3 BODY FATNESS 
 
Body fatness has negative implications for weight and is not well received in 
society.  It is associated with having too much or being in a surplus of fleshy 
tissue and though this used to be desirable in the old days, it is now seen as a 
sign of laziness and overindulgence (The Free Dictionary, 2012:1).  It has 
different effects on children depending on their gender and ethnicity.     
 
2.2.3.1 BODY FATNESS AND ETHNICITIY 
 
Strong associations have been noted between obesity, disease and the ethnicity 
of an individual.  Certain racial groups have a higher propensity for obesity and 
therefore are more likely to develop the myriad of diseases synonymous with 
obesity (Heyward and Wagner, 2004:135).  Both body mass index and waist-to-
hip-ratio face problems when used in different ethnic groups as they cannot 
always accurately predict the all-cause mortality in certain individuals.  BMI is not 
the most susceptible measure when fat patterning is considered and there is a 
clear divide between using body fat percentage and BMI in different ethnic 
groups (Heyward and Wagner, 2004:135).  It has been deduced that a multi-
faceted measure needs to be used when looking at a mixed race sample, but 
there is a severe lack in evidence with regards to this.  However, the most 
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commonly recommended measure to use is that of skinfolds (Heyward and 
Wagner, 2004:156).  Using this information, the researcher in the current study 
chose BMI and skinfolds as the preferred measures of choice.      
 
2.2.3.2 BODY FATNESS AND GENDER 
 
There are very big differences between males and females when it comes to the 
levels of obesity as well as the consequences that affect the individual 
(Wisniewski and Chernausek, 2009:76).  One of the most prominent differences 
is that females have a larger amount of fat mass and unique allocation of adipose 
tissue compared to their male counterparts.  Even as babies, female’s present 
more fat mass and a smaller amount of fat-free mass (Wisniewski and 
Chernausek, 2009:78).   
 
It has been stated in numerous instances that females are more overweight then 
males in general, and another proposed reason is that there are differences 
between the genders as far as appetites and satiety are concerned (Ali and 
Crowther, 2009:82).  Yet another factor is the weight gained during gestation and 
the weight remains after the baby is born.  It has been said that the older an 
individual gets the more the adiposity amplifies and this is due to the fact that the 
metabolic rate slows down and the amount of energy that an individual expends 
also declines with age.  So if the individual continues to eat the same amount as 
they always have, then they will inevitably gain weight (Ali and Crowther, 
2009:83).   
 
With every year of age gained, there is an increase of 10 percent in central 
adiposity and that girls are more likely to be overweight and obese than boys of 
the same age (Kimani-Murage et al., 2011:1117-1118).  Another interesting 
factor is that adolescents, who have older mothers (over the age of 50 years), 
have a higher disposition for central obesity, compared to adolescents with 
younger mothers (Kimani-Murage et al., 2011:1118).  The more secure the 
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situation involving food is in a house hold, the higher the incidence of central 
adiposity is present (Kimani-Murage et al., 2011:1119).   
 
2.2.4 BODY COMPOSITION 
 
The human body is made up of fat, water, mineral tissue (bone and soft tissue) 
and protein (Heyward and Wagner, 2004:6).  These amounts are divided as seen 
in Table 1: 
 
Table 1: Human Body Composition (Heyward and Wagner, 2004:8) 
Component Fat-free Body (%) Fat (%) 
Water 73.8  
Mineral 6.8  
Protein 19.4  
Fat-Free Body 100 84.7 
Fat  15.3 
Reference  100 
 
There are many models that define body fatness and body composition, but the 
two-component model defines the body in terms of fat and fat-free body mass.  
Body composition plays an integral part in having a healthier body and living a 
longer life as body fatness is related to an increase in the risk for disease 
(Heyward and Wagner, 2004:12).  
 
Total body fat is separated into fat mass and fat free mass or lean mass (Okada, 
Kuromori, Miyashita, Yoshino, Iwata, Hara and Harada, 2005:495).  Body fat in 
itself is made up of glycerol that is formed in fatty acids, which are needed to 
supply energy to the musculature in the human body.  Adipose tissue is a 
storage unit for all the surplus calories consumed and it helps to keep the body 
warm.  Only once the human body has expended all the calories provided by 
carbohydrates, does it move onto using calories stored in the fat cells 
(About.com, 2012:1).     
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In both adults and children, the most pertinent kind of fat in the body is that found 
around the abdominal area and it is the most clinically detrimental fat, except of 
course for the entire body fat (Monyeki, Kemper and Makgae, 2008:312). 
 
2.2.5 ESTABLISHED CAUSES OF CHILDHOOD OBESITY  
 
When considering a disease epidemic like childhood obesity, it is imperative that 
the possible causes behind it are examined and deciphered so that a possible 
solution can be found and implemented. 
    
Steyn, Fourie and Temple (2006:70-73) stated that genetics, intra-uterine and 
early life, diet, physical activity, culture, level of education and stress are the 
most common predictors of obesity in adults and children.  Further risks 
associated with developing obesity have been listed as low weight at birth, 
urbanisation, and deficiencies in funding.  Unfortunately, nothing has been very 
successful in preventing or intervening in this epidemic to date, even though the 
causes are clearly known, being decreases in physical activity and increases in 
fat intake (du Toit and van der Merwe, 2003:49).  Parsons, Power, Logan and 
Summerbell (1999:S1) agree that parental fatness, genetics, body weight at the 
time of birth, environmental factors, maturational timing, activity levels, dietary 
intake and psychological factors all play a role in developing obesity as an 
adolescent and further as an adult.  They did not note any relationship between 
socioeconomic status and obesity, but as time has passed this has changed and 
there is a very strong association between the two factors.  An interesting fact 
which they noted was that when women change socioeconomic status, for 
example when they get married, if the class they move into is obese, they will 
follow that behaviour, which is not the case with men (Parsons, Power, Logan 
and Summerbell, 1999:S1).     
 
Kimani-Murage et al. (2011:1114-1121) listed the following contributing factors 
towards the epidemic of childhood and adolescent obesity with the key predictors 
highlighted in bold: 
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• Community; 
• Family and the home environment; 
• Dietary intake; 
• Sedentary behaviours; 
• Physical activity; 
• The individual themselves; 
• Gender (female); 
• Age; 
• Pubertal developmental age; 
• SES;  
• Parenting styles; 
• Parental level of education; 
• Food security; 
• Parental dietary patterns; 
• Sibling relationships; 
• General societal behaviours; 
• And genetics where the individual is more prone to gaining weight. 
 
 In 2004, Renate Kunast stated that the two main issues that are causing the 
increase in childhood obesity are the explosion in the fast food industry and the 
decrease in exercise due to an increase in the technological advances that are 
present in most urban households (Gilman, 2008:102).  Quite simply put, obesity 
is not a disease but rather 
a failure of will due to the pressures of modern life (Gilman, 
2008:102). 
 
Wang and Lobstein (2006:11) stated that the positive energy balance associated 
with obesity is determined by a number of complex biological, behavioural, 
cultural, social, and environmental factors and the interactions between them. On 
a population basis, obesity rates appear linked to socioeconomic development; 
changes in environmental factors such as people’s working, living and school 
environments, changes in people’s eating and physical activity patterns, as well 
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as demographic transitions in developing countries (Wang and Lobstein, 
2006:11). 
 
Daniels et al. (2005:2001) and Monyeki, Lenthe and Steyn (1999:287) both 
stated that overweight and obesity are also clearly associated with four 
significant stages during the human life, namely: intra-uterine, infancy, adipose 
rebound periods and adolescence (Monyeki et al., 1999:287).  If obesity is 
present during any one of these 4 stages, there is an increased risk of obesity 
persisting during adulthood and later in life and where previously it was believed 
that obesity wasn’t a concern in developing countries, it has become apparent in 
recent years that this is not the case and in fact it is a serious issue that needs to 
be addressed, especially in the rural communities (Monyeki et al., 1999:287-
288).  These significant stages have been earmarked for playing a very important 
role in the child developing obesity, and named differently here, the gestational 
period, the first year of the child’s life, from the age of 5 to 8 years and finally 
adolescence (Van Der Merwe, 2004:17). 
    
Other factors that influence obesity and overweight are (Ali and Crowther, 
2009:83-84): 
» Sleep duration: the less sleep obtained, the more weight gained; 
» Smoking: smokers are less overweight than non-smokers; 
» Pharmaceuticals: certain drugs are associated with weight gain; 
» Maternal age: the older the mother is when giving birth, the higher the 
chances that the child will be overweight or obese; 
» Increased life expectancy: humans are growing older as there are advances 
in medicine and as there is an increase in adiposity with age, the older the 
generations the more time they have to gain weight; 
» Endocrine temperature: air cons have an influence on the outside 
temperatures in which humans exist and this in turn effects the metabolic 
rate as the body temperature is generally lower; 
» Reproductive fitness: research has shown that the BMI of the parents, has 
an influence on the amount of children they are able to reproduce, so 
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therefore there is also a very strong connection between the BMI of the 
parent and that of their children. 
 
Genetics have shown that if the individual’s parents are obese, they are more 
than likely going to be too and if they are obese at a young age, the more likely 
they are to be very overweight adults (Van Der Merwe, 2004:17).  
 
Physicians have historically been scared of child wasting and so they have 
encouraged excess calories.  If society does not alter its focus and food choices, 
the increase in obesity is just going to get worse as well as the comorbidities and 
the price tag associated with it (Elrick, Samaras and Demas, 2002:1101). 
 
Livingstone (2001:11) agrees that adult obesity is dependent on factors such as 
a fat child, a fat adolescent, parental obesity, early maturation and puberty 
(Livingstone, 2001:111).  It has been suggested that the most effective way of 
decreasing the epidemic of childhood obesity is to prevent it in the first place, as 
curing it becomes very difficult due to all the influencing factors (Livingstone, 
2001:114).   
 
Lobstein, Baur and Uauy (2004:5) looked at how environmental risk factors that 
have historically and are continuing to contribute to this epidemic.  In modern 
industrialized societies, food and drink are more available and affordable than 
ever before, fewer people have jobs requiring hard physical labour, car 
ownership has increased rapidly and homes have labour-saving gadgets.  Yet 
human metabolism evolved under very different conditions with a sparse and 
erratic food supply and huge physical demands for survival, has selected 
individuals with a ‘thrifty’ genotype (Lobstein et al., 2004:5).  This genotype is ill-
suited for the modern world.  Excessive fat storage, leading to obesity, is the 
default situation unless specific action is taken.  A decline in walking to school 
and a rise in snack food consumption and the popularity of fast-food outlets all 
play a role when looking at the environment which encourages this epidemic 
(Lobstein et al., 2004:5).  
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Lobstein et al. (2004:5) further suggested that within this ‘obesogenic’ 
environment there are a number of factors that warrant specific consideration 
with respect to the risk of overweight in children and adolescents. It is also 
important to consider the micro-environment created in the home (Lobstein, Baur 
and Uauy, 2004:5).  For younger children in particular the family environment 
plays an important role in determining their risk of obesity, for example parental 
physical activity levels (the example that is set for the children), the family’s 
eating behaviours that the children have no control over and television viewing 
habits that are once again dictated by the parents (Lobstein et al., 2004:5).  
Trost, Sirard, Dowda, Pfeiffer and Pate (2003:834) noted research on the 
mediators of familial patterns of overweight and obesity that suggest that 
overweight parents tend to create environments that promote overweight among 
their children.  Therefore, it is possible that parents of overweight children may 
exhibit activity-related behaviours, and parenting practices that consciously or 
unconsciously discourage their children from participating in physical activity at 
preschool or other behavioural settings (Trost et al., 2003:834).  This was further 
reiterated in research which showed that familial patterns of overweight and 
obesity are mediated, in part, by parenting eating behaviours (parental energy 
intake, other’s dietary restraint, and dis-inhibition) and parental child-feeding 
practices (concern for child’s weight, monitoring, and restriction of child’s food 
intake).  In this study, parental obesity was strongly associated with child weight 
status. For girls and boys, respectively, overweight children were approximately 
three and six times more likely than their non-overweight counterparts to have at 
least one obese parent or adult caregiver (Trost et al., 2003:834). 
   
Lobstein et al. (2004:5) listed the following as examples of problematic social 
trends that contribute to the obesity epidemic: 
1. An increase in use of motorized transport, leading to a decrease in physical 
activity;  
2. An increase in traffic hazards for walkers and cyclists, and therefore a 
decrease in physical activity due to a fear of harm; 
3. A fall in opportunities for recreational physical activity; 
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4. An increased sedentary recreation, meaning that more people spend their 
spare time sitting on the couch in front of the television or computer; 
5. Multiple TV channels available around the clock; 
6. Greater quantities and selection of energy dense foods that are easily 
available; 
7. Rising levels of promotion and marketing of energy-dense foods to the 
younger population; 
8. More frequent and widespread food purchasing opportunities in the 
convenience of fast food restaurants and drive-through’s; 
9. An increased use of restaurants and fast food stores; 
10. Larger portions of food offering better value for money, urging people to 
consume more; 
11. Increased frequency of eating occasions where all celebrations are centered 
around a meal; 
12. The rising use of soft drinks to replace water, even in schools. 
 
Hands, Parker, Glasson, Brinkman, and Read (2004:20) made further 
suggestions about the interrelationship between physical activity and nutrition 
and how they play a vital role in the development of obesity in young people.  
Changes in levels of physical activity and nutrition are thought to be a result of 
globalisation, industrialisation, urbanisation, environmental change and economic 
development (Hands et al., 2004:20).  Modern environments support and 
encourage sedentary behaviours and the over consumption of food. The 
implication of this is that poor nutrition and low physical activity levels are 
preventable risk factors associated with 45.9 percent of the global disease 
burden (including cardiovascular conditions, diabetes, stroke, cancers and 
respiratory diseases) as suggested by the World Health Organization (Hands et 
al., 2004:20).  The link between physical activity and nutrition has been clearly 
established, particularly in older children. Children and adolescents who are less 
active are also more likely to be overweight or obese which is a risk factor for 
many diseases (Hands et al., 2004:20).  In addition, children who are obese will, 
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in a majority of cases, become obese adults which leads to further complications 
in disease (Hands et al., 2004:20). 
 
A variety of commercial trades have a claim on childhood obesity. For example, 
fast food and other restaurants have contributed to, and benefited from, the 
epidemic of obesity.  The amount of marketing designed specifically for children 
increased from $6.9 billion in 1992 to $15 billion in 2002, of which majority was 
television commercials for food (Krebs, Himes, Jacobson, Nicklas, Guilday and 
Styne, 2007:S193).  Marketing within schools is easy because of the access to 
children in an environment that lends integrity to the advertisements' meaning.  
Results showed that increased television viewing and playing of video games 
was positively associated with unhealthy eating habits and on the other hand 
time spent reading and doing homework were positively associated with healthy 
eating behaviors (Krebs et al., 2007:S193).  The authors hypothesise that the 
unhealthy eating habits associated with television time are due to exposure to 
adverts that promote junk food consumption.  Schools justify the lack of physical 
education programs in schools due to the competing scholarly load and financial 
restrictions (Krebs et al., 2007:S193). 
 
The pandemic of obesity in Southern Africa finds its risks in many variables, 
namely genetics (more for the African people than the white people), cultural 
expectations, ethnic backgrounds, nutrition, levels of physical activity and the 
SES of the individuals (Walker, Adam and Walker, 2001:369-370).  The 
difficulties that accompany obesity are that it is exasperating for both the 
individual and their doctor as there is a 95% failure rate after 5 years.  People, 
especially females, tend to have improbable goals and when they don’t achieve 
what they expected to, they tend to fall off the proverbial wagon (Walker et al., 
2001:370-371). 
 
In South Africa a study reported that black children in less urbanized districts, 
had access to and consumed 50% of the calories that white children in more 
urbanized districts do, and due to this the black children were 5% shorter and 
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19% less heavy than their white counterparts.  This was then related to 
adulthood where black adults are less likely to have coronary heart disease and 
there are very few deaths related to cancers that are associated with food intake 
(Elrick, Samaras and Demas, 2002:1103).   Surveys conducted in 1958 and 1963 
also stated that black people at the age of 50 years are more likely to reach the 
age of 70 years, with more black people reaching 100 years of age than white 
people (Elrick, Samaras and Demas, 2002:1103).    
 
2.2.5.1 ESTABLISHED CAUSES OF CHILDHOOD OBESITY IN GIRLS 
 
The Truter, Pienaar and Du Toit (2010:229) study confirmed what has been 
reported by the other studies mentioned above, that girls tend to show a higher 
level of both overweight and obesity than boys of the same age.  It was 
hypothesised that this could be due to a decrease in physical activity levels 
among adolescent girls, as well as the onset of puberty causing an increase in 
the accumulation of fat (Truter et al., 2010:232).   
 
Research has shown that girls as young as 5 years of age can start to 
experience and articulate fears of gaining weight.  This concern tends to reach its 
peak in the teens and throughout the twenties, with other studies indicating that 
there is a decrease in this worry with age (Norton and Olds, 1996:247).  It has 
been found that the way an individual perceives their body is directed by what the 
media defines as the norm, as they define the ideal images for fitness, health and 
beauty.  However the issues come in when people are more likely to compare 
themselves to the extremes, such as models or sports people, instead of what is 
seen as the ‘average’ person (Norton and Olds, 1996:247).  This influence 
comes from toys (dolls), dancers, famous actors and sports heroes an as there is 
a certain amount of glamour associated with the lifestyle that accompanies the 
body types that these classes have (Norton and Olds, 1996:248).  From these 
images and societal ideas, an adolescent can choose one of two paths, either 
they starve themselves once they reach puberty and see that they are gaining 
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weight, or they can over eat as a means of controlling their emotions.  The 
overeating can lead to either bulimia or overweight and obesity.      
 
Lobstein et al. (2004:5) noted that psychological aspects have a strong 
correlation to an increase in the incidence of childhood obesity, especially when 
considering young females.  This was shown by several studies that indicated a 
correspondence between a mother’s attitudes to food and her child’s self-
perceptions.  In other words, if a mother has a poor self-image and partakes in 
yo-yo dieting, her child learns this behaviour from her and adopts them as normal 
(Lobstein et al., 2004:5).  This leads to a love-hate relationship with food that can 
further develop into emotional dependency on food.  Similarly, children who have 
been teased by peers about their body shape are more likely to be dissatisfied 
with their appearance when older, to the extent of developing eating disorders 
(Lobstein et al., 2004:6). 
 
2.2.5.2 NUTRITION TRANSITION 
 
A term that has become accepted internationally that describes the changes that 
occur in developing countries with regards to food and disease is the ‘Nutrition 
Transition’.  This term refers to two very prominent developments that happen 
either during or before the actual transition.  One of these is the transfer from a 
highly fertile population with increased levels of death to a population that is not 
very fertile at all and the levels of death are lower, which is archetypal of a 
society that has become industrialized and modernized (Popkin, 2003:581).  The 
second is the shift in the presence of certain diseases in the population, namely 
from those of an infectious nature, related to sanitation, nutrition levels and 
starvation to those of a chronic nature, related to cardiovascular and systemic 
conditions (Popkin, 2003: 581 and Reddy, Resnicow, James, Funani, Kambaran, 
Omardien, Masuka, Sewpaul, Vaughan and Mbewu, 2012: 262).  Due to the 
major changes that have occurred in the general population’s levels of physical 
activity and eating regime over the last 3 decades, people are developing diets 
that have excessively high levels of fats, carbohydrates and processed foods 
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with very low levels of fiber, which results in the alterations of standard heights, 
levels of body fatness and associated morbidities (Popkin, 2003:581).   
 
There are 3 stages that are clearly defined that form part of the Nutrition 
Transition, which are shown in Figure 1. 
 
Urbanisation, economic growth, technological changes for work, leisure, and food processing, 
mass media growth 
   
 
     Slow mortality decline Accelerated life expectancy,  Extended health aging, 
    shift to increased DR-NCD,  reduced DR-NCD 
    increased disability period 
Figure 1: Stages of the Nutrition Transition (Popkin, 2003:582) 
 
Another label given to this process is the ‘risk transition’ which was labeled by the 
WHO.  This is seen with an advance in economic conditions, the involvement in 
the global markets and general globalization comes many positive results 
especially in those countries that are still developing (Reddy, Resnicow, James, 
Funani, Kambaran, Omardien, Masuka, Sewpaul, Vaughan and Mbewu, 2012: 
262).  Other aspects that add to this transition are improved health care, the 
general population aging more than before, better education, vaccinations, an 
improvement in the sanitation conditions, a better economy and changes in the 
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low fat, high fiber 
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work and leisure 
MCH deficiencies, 
weaning disease, 
stunting 
Stage 1 
Receding Famine 
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processed foods 
> Shift in technology of 
work and leisure 
> Reduced fat, increased 
fruit, vegetables, CHO, fiber 
> Replace sedentarianism 
with purposeful changes in 
recreation, other activity 
Obesity emerges, 
bone density 
problems 
Reduced body fatness, 
improved bone health 
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general lifestyles of the people (Reddy et al., 2012:262).  The nutritional factor 
involves the transition from under-nutrition to over-nutrition, and in the middle of 
this change, there is an existence of both conditions.  An exacerbating aspect is 
that the rate at which these changes are occurring is faster than what has 
previously been thought.  The statistical changes in obesity levels have been 
noted in the following developing countries (Reddy et al., 2012:262): 
• Burkina Faso + Ghana + Malawi + Niger + Senegal + Tanzania 
» 1992 – 17.9% 
» 2003 – 25.4% 
• Algeria 
» 2001 – 6.8% 
» 2006 – 9.5% 
• Kerala, India  
» 2003 – 4.9% 
» 2005 – 6.6%. 
 
Both overweight and obesity rates have increased significantly among the South 
African youth from 2002 to 2008.  There are no substantial differences between 
races and genders, with certain race and gender groups showing slightly more 
significance than others (Reddy et al., 2012:264).  When compared to very 
similar studies conducted in the United States, the results showed that it took 
America 13 years to double their rates of obesity and overweight, yet in South 
Africa it took a mere 6 years.  When looking at the socioeconomic status of the 
population tested, the results showed that the more wealthy the child (the higher 
the quintile and the more affluent the area that the individual lives in) the higher 
the risk for overweight and obesity, with these results being seen across races 
and genders (Reddy et al., 2012:264-265).  Both high quintiles and urbanization 
played a significant role in these results, both showing a higher risk for the 
pandemic.  The hypothesis behind these increases has been drawn from 
American data that shows that the following factors have a significant effect on 
the risk transition (Reddy et al., 2012:266): 
» Increased intake of sweetened beverages 
» Fast-food restaurants 
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» Increased sedentary lifestyles combined with a decrease in physical 
activity 
» Easy access to fatty foods 
» An increase in household incomes. 
 
South Africa exists as a multi-racial, multi-cultural and multi-economical country; 
with people existing on both sides of the conundrum and therefore it fights both 
battles at the same time.  Kimani-Murage, Kahn, Pettifor, Tollman, Dunger, 
Gomez-Olive and Norris (2010:1) reported that the health transition through 
which South Africa is going, means that both non-communicable diseases and 
under nutrition are contributing to the disease burden that exists.  It was 
confirmed here that the contributing factors to this nutrition transition are fast 
expanding economic changes, globalisation, and urbanisation, social and 
technological transformations (Kimani-Murage et al., 2010:2).  In the past these 
changes occurred mostly in the more urban and ‘richer’ areas, however now it 
occurs across the board and therefore it contributes to the twofold burden obesity 
and malnutrition (Kimani-Murage et al., 2010:2). 
 
Both overweight and obesity are proving to be rapidly expanding pressures on 
the general well-being of many populations, especially those in developing 
countries, where research shows that the levels of both overweight and obesity 
have doubled in the last 10 years until their study was conducted (Kruger, Kruger 
and MacIntyre, 2006:351).  This has been seen across America, Britain, Europe 
and Australia.  But these are developed countries, but in developing countries, 
the advancement of overweight and obesity is reaching epidemic proportions.  
Lifestyle changes, in the forms of activity levels, reflexive overeating, as well as 
social and economic influences in an already obese environment, has 
exponentially increased the risk of children developing obesity (Kruger et al., 
2006:352).  Urbanisation of many diverse populations, both geographically and 
culturally, has increased the nutrition transition and therefore intervention needs 
to be implemented with children that have been identified from an early age as at 
risk of developing obesity (Kruger et al., 2006:352).       
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The nutrition transition has shifted the major health focus in developing countries 
to nutrition related diseases that are associated with lifestyles, eating habits, 
sedentary behaviours, smoking and an increase in alcohol use (Amuna and 
Zotor, 2008:82-83).  In the year 2000, nutrition related diseases were responsible 
for 23.5 million deaths worldwide, including both overfeeding and underfeeding 
diseases.  When looking only at obesity, it was reported that as the overall 
income of the house increases, so too do the levels of obesity and therefore the 
diseases that accompany it (Amuna and Zotor, 2008:85-86).  This is because 
there is more access to fast foods and the general lifestyle has become more 
sedentary, where in the past a family may have had to walk everywhere they 
needed to go; now they can afford a car.  The implications of these health 
problems place a great amount of stress on a developing country, and all the 
health professionals coming through the system (Amuna and Zotor, 2008:88). 
 
In developing countries, it has been reported that the incidence of obesity and 
overweight are more prominent in adolescents rather than preschool children.  
However this differs across the nations as their social and cultural circumstances 
are not the same (Kelishadi, 2007:65).  When looking at South Africa on its own, 
the reasons for the epidemic of childhood obesity increasing is due to the 
changes in the nutritional intake and the increase in sedentary behaviours, which 
is relatively similar across all developing nations (Kelishadi, 2007:66).   
 
There is a paradox that exists in South Africa as each child is at risk of 
developing two completely opposite diseases, namely under- and overnutrition.  
It is well known how children are undernourished, but less is as definitive when it 
comes to overweight and obesity.  Due to the drastic increase in the levels of 
obesity, with nearly half of the world’s adult inhabitants being classed as 
overweight or obese, it has now been accepted as a chronic disease (du Toit and 
van der Merwe, 2003:49).  The WHO has even released an alarming declaration 
that urgent changes need to be made to stop the disturbing increases in the 
levels of obesity and overweight.  Countries can no longer sit by and ignore the 
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frightening numbers and therefore sufficient intercessions need to be directed at 
children to diminish these levels (du Toit and van der Merwe, 2003:49).   
 
With regards to diet and food, developing countries show increases in the use of 
vegetable oils, compared to other developed countries which have shown an 
increase in the production of meat and dairy.  The intake of these fats rises as 
the amount of money earned increases, where poor countries always have oils 
freely available (Popkin, 2003: 583).  Sugar and many other forms of sweetener 
play a major role in the dietary changes that have occurred over time.  As with 
fat, the more money earned the more sugars are consumed which is especially 
seen in those populations that are not as urbanized as others (Popkin, 
2003:584).  It has still been proven that carbohydrates make up majority of 
people’s diets, regardless of their socioeconomic status and levels of 
urbanisation (Popkin, 2003:586).   
 
Popkin (2003:589) stated that in the early 2000’s the phases of overweight and 
obesity were varied in countries such as South Africa and they are either 
reporting the same levels or higher than that seen in countries like America.  The 
speed at which obesity is increasing in the lower income countries is faster than 
that seen in developed countries (Popkin, 2003:589).   
There are six proposed reasons why there has been such a dramatic increase in 
the levels of overweight and obesity in countries that are still developing (Popkin, 
2003:592-593): 
1. The food people eat is more interesting and tastier and people’s jobs are 
less physically taxing, but human nature dictates that these choices are 
made;  
2. The increase in how much money is being earned has a direct link with 
the increase in the acquisition of high calorie foods; 
3. The price of food has come down over time and is affordable across all 
socioeconomic classes, however this is changing as the cost of fuel 
increases; 
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4. Media pushes advertisements of certain fast food outlets and as more 
television is watched, so too is the exposure to these adverts; 
5. There is a decrease in the general levels of domestic activity as certain 
factors have improved, for example access to water and microwaves, 
transport and computers; 
6. People’s homes are closer to shops, fast food outlets and restaurants than 
they used to be, therefore the access to high calorie foods has become 
easier and preferable. 
 
In terms of the nutritional status in South Africa, research has shown that both 
urbanisation and inadequate screening for the selection to supplementation 
programs are the main reasons why there is a coexistence of under nutrition and 
overweight (Armstrong, Lambert and Lambert, 2011:835).  Even though South 
Africa is categorised as a middle-income nation, the history of the country has left 
it in a confused state, somewhere between a 1st and 3rd world country.   The 
urbanization of poor families has increased the risk of the development of 
nutritional disorders and in some cases, both overweight and underweight 
children share the same household (Armstrong et al., 2011:835). 
 
Lobstein et al. (2004:4) suggested that in developing nations childhood obesity is 
most prevalent in wealthier sections of the population.  However, at the same 
time childhood obesity is also rising among the urban poor in these countries, 
possibly due to their exposure to Westernised diets coinciding with a history of 
under-nutrition.  These obesity-promoting environmental factors are sometimes 
referred to as ‘obesogenic’. Put graphically, a child’s genetic make-up ‘loads the 
gun’ while their environment ‘pulls the trigger’ (Lobstein et al., 2004:4).  The 
changing nature of the environment towards greater inducement of obesity has 
been described in WHO Technical Report on chronic disease as follows:  
Changes in the world food economy have contributed to shifting 
dietary patterns, for example, increased consumption of energy-
dense diets high in fat, particularly saturated fat, and low in 
unrefined carbohydrates. These patterns are combined with a 
decline in energy expenditure that is associated with a sedentary 
lifestyle—motorized transport, labour-saving devices at home, the 
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phasing out of physically demanding manual tasks in the 
workplace, and leisure time that is preponderantly devoted to 
physically undemanding pastimes (Lobstein et al.,  2004:4). 
 
A very interesting study was conducted in people who moved from a rural area to 
urban Cape Town in South Africa.  The results showed that there was a definite 
change in their eating patterns, as they ate more frequently and were less likely 
to prepare home cooked meals.  Their diets were made up of high sugar and fat 
foods, as their selections were dictated to by their budgets.  Even though they 
picked up weight, they weren’t concerned as this was indicative of wealth and 
dignity to them (Stern, Puoane and Tsolekile, 2010:1, 4).  Their levels of activity 
decreased drastically as they no longer needed it as they had access to public 
transport and their jobs became less physically taxing.  The concern with regards 
to this is that being urbanized has a strong correlation to developing obesity 
which then increases the risk of developing health related diseases.  This study 
clearly showed that changes in lifestyle have a dramatic influence on body weight 
and therefore this needs to be the focus to help intervene (Stern et al., 2010:1-2).  
 
2.2.6 THE IMPORTANCE OF BODY FATNESS AND THE DEVELOPMENT 
OF DISEASES ASSOCIATED WITH CHILDHOOD OBESITY 
 
In the past, fat children were always considered to be healthy and even wealthy 
children as they are able to withstand illness and disease.  But as time has gone 
by, these levels of fatness have become disproportionate and it has augmented 
into one of the leading childhood diseases that the world and most countries are 
facing (Ebbeling, Pawlak and Ludwig, 2002:473).   
 
The most disturbing factor about childhood obesity is the myriad of health 
complications that are associated with it.  Reports have shown that as many as 
60 percent of children that are overweight between the ages of 5 and 10 years 
have at least one cardiovascular risk factor and 25 percent have at least 2 risk 
factors (Steyn, Fourie and Temple, 2006:70).  The biggest concern is that an 
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obese child has more chance of developing a metabolic disease than an adult 
who becomes obese (Steyn et al., 2006:70). 
 
The consequences later on in adulthood are found in the form of diseases that 
have in the past been considered exclusively adult diseases but are now 
becoming evident in children, namely hypertension and metabolic syndrome 
(Kelishadi, 2007:62) and (Wilding, 2006:501).  They are now the driving force 
behind the pediatric metabolic syndrome that is becoming an increasing worry in 
lower to middle class countries (Kimani-Murage et al., 2010:2).  Childhood 
obesity can lead to depression, cardiovascular disease and both type I and type 
II diabetes mellitus.  Daniels et al. (2005:2002-2003) listed comorbidities 
associated with obesity, namely cardiovascular disease, diabetes mellitus, 
metabolic syndrome, psychosocial, and added inflammation.  The most 
prominent concern is that obese children are more than likely to become obese 
adults, which exacerbates the risk of developing the above-mentioned diseases, 
which places major educational, economic and social strains on a nation (Kimani-
Murage et al., 2010:2).  Obesity has a roll-on effect as it can lead to psychosocial 
morbidity, asthma, orthopedic complications, as well as cardiovascular disease 
and Diabetes.  In later years, it further results in early death, and it has a 
dramatic effect on the productivity of the individual, socially, educationally and 
economically, and therefore having a direct effect on the gross domestic product 
(Kimani-Murage, et al., 2010:10-11).  Greatly increased rates of heart disease, 
diabetes, certain cancers, gall bladder disease, osteoarthritis, endocrine 
disorders and other obesity-related conditions will be found in young people 
when they become adults and their medical treatment will be a life-long struggle. 
The health services costs, the strain on society and the effect on the individuals 
involved will be greatly detrimental (Lobstein, Baur and Uauy, 2004:10). 
 
Childhood obesity is seen as an attack on the youth of many nations (Gilman, 
2008:45).  In adults obesity is seen as a lack of self-control and stupidity, 
whereas obesity in children is seen as myriad of physical ailments that will 
contribute in the long-term to the individual being unable to contribute to society 
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as they were meant to (Gilman, 2008:45).  Sadly, in this day and age, dieting 
amongst children has become an expected course of action and therefore their 
image of society is being shaped by the dieting culture (Gilman, 2008:72).  This 
desire stems from the fear of ridicule from peers, family pressure, or feelings of 
embarrassment.  When the children, who have been dieting from an early age, 
reach puberty and there is a sudden weight gain, this can lead to the 
development of eating disorders which has an effect on the functioning of their 
metabolism (Gilman, 2008:73).  These issues however are still being hotly 
debated by the medical fraternity.  The problem is that there is a conundrum in 
this situation as if there is too much emphasis on weight it leads to dieting which 
in itself leads to obesity (Gilman, 2008:77).  Nutrition regarding children is a 
concern worldwide and while it is important to make sure that children do not 
become obese, it is equally important not to place too much emphasis on a 
child’s weight as it can invariably lead to emotional and psychological problems.  
It is important to place the emphasis on making healthy eating choices as well as 
taking part in regular physical activity (Gilman, 2008:77). 
 
Sadly, the attention that has been given to this problem in other countries around 
the world is not the same as in South Africa, which could be attributed to the 
facts that it hasn’t affected the country as badly as it will and that traditionally in 
South Africa, a well-fed body depicts wealth (Reddy et al., 2012:266).  Contrary 
to other countries, South African youth do not perceive themselves to be 
overweight or obese when they are, which leads to a level of social acceptance 
for these conditions, and therefore there is less reason to fight to lose the weight 
(Reddy et al., 2012:267). 
 
One has to consider the effect that overweight and obesity will have on the 
physical growth and development of children in today’s society.  Considering that 
overweight and obesity affect the cardiovascular system, endurance and 
flexibility, the development of these children becomes a major concern (Truter et 
al., 2010:227-228).  Taking it further, when looking at anthropometric variables of 
overweight and obese children, body composition in these children is made up 
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mostly of fat mass and the size of their skinfolds is notably higher than in the 
normal weight children (Truter et al., 2010:227-228).  The study also made use of 
the Slaughter et al. (1998) skinfold equations for the estimation of the body 
fatness of children and adolescents as did the current study.  Another risk factor 
associated with obesity in children is the effect it has on the development and 
future status of the musculoskeletal system, where it has been hypothesised that 
it negatively affects the arrangement and formation of the hip, knee and foot.  
This becomes especially significant as it has been observed that one of the most 
important factors to maintain in obese individuals is functional mobility, which will 
decrease due to the pain experienced in the three joints which bear the most 
weight in obese individuals (Wearing, Hennig, Byrne, Steele and Hills, 2006:215).  
From this it has been suggested that more research needs to be conducted into 
the matter of how the body and joints are affected when children are obese, 
especially during the developmental years (Wearing et al., 2006:215). 
 
Many researchers have questioned why fat is seen in such a negative light but 
fat in itself is a working organ.  With the excess consumption of fat, there is more 
fat accumulated which increases the magnitude of the fat cells or it elevates the 
total amount of fat cells (Spruijt-Metz, 2011:133). In the past it was believed that 
fat was a form of stored energy and present to keep individuals warm but 
research has proven that fat cells secrete hormones that have an effect on 
inflammation and free fatty acids (Spruijt-Metz, 2011:133).  It also has an effect 
on appetite control, persistent inflammation and insulin resistance which all lead 
to serious metabolic disorders (Spruijt-Metz, 2011:133).          
 
There is evidence that the epidemic of childhood overweight and obesity is 
contributing to the increase in the incidence of non-communicable diseases in 
Africa, where hypertension is being identified more and more in children 
(Rossouw, Grant and Viljoen, 2012:5).  This link needs to be investigated further 
to help amplify the need for interventions. 
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A serious concern about the incidence of overweight and obesity in children is 
the persistence from childhood into adulthood (Krebs, Himes, Jacobson, Nicklas, 
Guilday, and Styne, 2007:193).  Further it can be stated that the higher the BMI 
is in childhood, the greater the probability is of obesity in adulthood.  For girls with 
a BMI above the 95th percentile during childhood, the probabilities of being 
obese as an adult were 20 to 39.9 percent for 3 to 5 years olds, 40 to 59.9 
percent for 6 to 11 years olds, and 60 percent for 12 to 20 years olds. For boys 
with a BMI above the 95th percentile during childhood, the probabilities of being 
obese as an adult were 20 percent for 3 to 4 years olds, 20 to 39.9 percent for 5 
to 11.5 years olds, 40 to 59.9 percent for 11.5 to 16 years olds, and greater than 
60 percent for 17 to 20 years olds (Krebs et al., 2007:193).  
 
Krebs et al. (2007:193) went further to suggest that children with a BMI in the 
85th percentile during childhood are less likely to be obese adults. For girls, the 
probabilities of being obese as an adult were less than 20 percent for 3 to 4 years 
olds, 20 to 39.9 percent for 5 to 17 years olds, and 40 to 59.9 percent for 18 to 20 
years olds. For boys with BMI in the 85th percentile during childhood, the 
probabilities of being obese as an adult were less than 20 percent for 3 to 16 
years olds, 20 to 39.9 percent at 17 years of age, and 40 to 59.9 percent for 18 to 
20 years olds. It was suggested from this data that the odds ratios for being 
obese (BMI of 30 kg/m2) at 35 years of age were 19.3 for boys and 15.7 for girls 
if their BMI at 18 years of age was  greater than the 72nd percentile (the most 
discriminating level) (Krebs et al., 2007:193). Clearly, if individuals end their 
adolescence with moderately elevated BMI, then the likelihood of being an obese 
an adult is high (Krebs et al., 2007:193). 
 
2.2.6.1 CARDIOVASCULAR DISEASE 
 
One of the scariest risks associated with obesity is cardiovascular disease and 
cardiovascular related deaths which are responsible for most people dying in the 
21st century.  It has been hypothesised that in the future as many as 6.4 million 
worldwide fatalities before the age of 69 years will be attributable to 
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cardiovascular disease.  The risk of developing cardiovascular disease begins in 
an individual’s youth and as time progresses there is an amplification of 
mortalities and morbidities associated with obesity (Monyeki, Kemper and 
Makgae, 2008:311).   
 
The reason for the presence of cardiovascular disease is due to the fact that 
when there is an increase in fatty tissue, there is more blood volume circulating in 
the body, which requires an increased cardiac output and this then places extra 
strain in the heart muscle.  This increased cardiac output in obese adolescents is 
possible as there is an increase in the stroke volume.  The result of this is 
hypertension and if weight is reduced so too is high blood pressure.  It has been 
shown among obese children that there is an elevated left ventricular mass 
(LVM) and left ventricular hypertrophy (LVH).  This too may be reversible with 
weight loss.  It is known that adults with an elevated LVM are at a greater risk for 
developing cardiovascular disease, which includes having heart attacks and 
congestive heart failure (Ross and Scott, 2006:142).   
 
The Bogalusa study offered extensive information on cardiovascular risk factors 
in childhood and how they tend to persist into adulthood.  The results showed 
that being overweight during adolescence increases the risk of developing 
hypertension 8.5 times than that of a normal weight child increases the risk of 
developing high cholesterol 2.4 times and it increases the risk of developing high 
LDL cholesterol 3 times.  Similarly, the Muscatine study in Iowa showed that 
adolescent obesity, especially in males, is associated with higher levels of total 
cholesterol and LDL cholesterol in adulthood (Lobstein et al., 2004:26-27).  
Hypertensive children who have elevated blood pressure which persists into 
adulthood generally have higher body weight, BMI, skinfold thickness and 
substantially greater waist and hip circumferences (Lobstein et al., 2004:26-27).  
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2.2.6.2 ENDOCRINE DISEASE 
 
There has even been a shift in childhood Diabetes Mellitus, where in the past 
Type 1 was the most common form to afflict children, yet over time there has 
been as swift increase in the incidence of Type 2 in children (Rossouw, Grant 
and Viljoen, 2012:2).  There are a number of pulmonary disorders associated 
with overweight and obesity, namely asthma, sleep apnea and general systemic 
inflammation as well as liver and skeletal irregularity.  Of course if these diseases 
and disorders are present during childhood and adolescence, they tend to follow 
an individual into adulthood and once there, they become worse and more 
difficult to treat and control and can be far worse in nature.  Recently there has 
been research that has shown that there is a strong link between cancer and 
obesity (Rossouw et al., 2012:2).   
 
The reason for the development of diabetes in children is that obesity can lead to 
insulin resistance, which can develop into non-insulin-dependent diabetes 
(NIDDM).  In the past, childhood diabetes presented in the form of Type I or 
insulin-dependent diabetes, however with the epidemic of childhood obesity, 
NIDDM has increased as well.  A clinical study reported that the incidence of 
NIDDM was ten times higher in 1994 than in 1982.  Most children with NIDDM 
are overweight and or obese.  Another complication presenting in obese 
adolescents is that of abnormally high lipid profiles (Ross and Scott, 2006:143). 
 
In 2006 it was estimated that nearly 30 000 obese children in the European 
Union had type 2 diabetes, and over 400 000 children had impaired glucose 
tolerance.  An estimated 1.1 million were suffering from hypertension and a 
similar number indicated raised total blood cholesterol (Lobstein and Jackson-
Leach, 2006:33).  Roughly 1.2 million obese children were affected by metabolic 
syndrome of which one in ten were seriously affected.  Fatty liver was found in 
1.4 million obese children (Lobstein and Jackson-Leach, 2006:33). 
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Sizer and Whitney (2003:470) further stated children at the age of 6 to 14 are at 
the greatest risk of developing weight-related diabetes.  The worst implication 
that an obese child has to face is that of the social stigma of being obese (Sizer 
and Whitney, 2003:470).  
 
2.2.6.3 PSYCHOLOGICAL DISEASE 
 
As well as the physical, there is also the psychological aspect of being 
overweight and obese, leading to a decrease in confidence, an increase in the 
risk for depression and a very negative self-image.  In social situations, it can 
lead to bullying, stereotyping and rejection, which in turn can lead to the 
individual withdrawing from school activities, of which physical activity is the most 
relevant (Rossouw et al., 2012:2).  All of these detrimental outcomes of being 
overweight and obese during childhood can extend into adulthood and affect the 
life experience of that individual in a negative manner.  Even though overweight 
and obesity are major health issues in South Africa, the burden of malnutrition is 
just as great and therefore makes South Africa’s struggle similar to those of other 
developing countries (Rossouw et al., 2012:2).    
 
No child is unaffected by the judgment and shame associated with and attached 
to obesity and it has been seen that a child as young as 3 years of age will be 
affected by these attitudes and they will carry them into adolescence and 
adulthood.  These pessimistic attitudes come from teachers, lecturers as well as 
parents and the impact it has on the child is irreversible and can lead to low self-
images (Van Der Merwe, 2004:19).  Obese children and adolescents are more 
than likely ostracized and bullied by society and this may lead to them feeling 
excluded from their peers.  Research shows that most if not all obese children 
have moderate levels of body dissatisfaction.  Children who are obese are more 
likely to be depressed or have a low self-esteem (Ross and Scott, 2006:142). 
   
Though there are many costs associated with childhood obesity, as they have 
been discussed here, one of the most detrimental costs is believed to be 
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psychological morbidity, with girls being at a higher risk than boys and there is a 
definite amplification with age, with low self-esteem and the parents 
psychological health being the main culprits that develops the other morbidities 
(Reilly, Methven, McDowell, Hacking, Alexander, Stewart and Kelnar, 2003:748).   
In terms of the effect on the physical body, the most harmful and long-term 
problems developed from having obesity are cardiovascular in nature and in time 
influence the lifestyle and life expectancy of affected individuals (Reilly et al., 
2003:752). 
 
Obesity in children and adolescents has immediate consequences in the 
psychological and social realms.  Stigmatization of obese children and 
adolescents has long been recognized in Westernized cultures, and is well 
documented among children (Lobstein et al., 2004:10).  Research has shown 
that boys aged 6 to 10 years have described obese body types as being lazy, 
untidy, dishonest, misbehaved, stupid and dirty.  Similar results have been 
reported in Australian boys and girls aged 8 to 12 years.  In younger children the 
degree of negative stereotyping increased with age (Lobstein et al., 2004:26).   
 
Girls are more affected than boys, although both genders report some negative 
experiences.  The effect of obesity on a child’s self-esteem is dictated by school 
academic performance, body appearance, athletic ability, social networking, 
behaviour and conduct attributes (Lobstein et al., 2004:26).  Body dissatisfaction 
and a desire to lose weight have been found in young children, but are not limited 
to children who are overweight.  A study following children for 4 years from the 
age of 9 or 10 years found that self-esteem declines over time (Lobstein et al., 
2004:10). 
 
With regards to the psychological effects of obesity and overweight, most 
individuals react to depressing feelings by increasing their food intake, and 
generally the food they eat is high in calories.  Coupled with this is the increase in 
hormone levels which increases the desire for fattening foods and therefore the 
individual gains weight (Ali and Crowther, 2009:83).  Other influential 
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psychological factors are the general diet of the entire family, animosity between 
parents and the internal dialogue that the parent projects onto their children, 
though the effects are dissimilar in each gender (Ali and Crowther, 2009:83). 
 
2.2.7 METHODS USED TO MEASURE BODY FATNESS AND OBESITY 
 
Over the last two decades, the incidence of both childhood overweight and 
obesity has drastically increased and the major concern with regards to this issue 
is that obese children tend to become obese adults and therefore their risk of 
developing disorders and diseases increases exponentially (Heyward and 
Wagner, 2004:109).  These problems have implications on health care and 
society and so there has been an increased drive to try and find effective 
solutions for this problem.  For these solutions to be accurate, the identification of 
the body composition of children in society needs to be precise, but it’s 
complicated and challenging (Heyward and Wagner, 2004:109).  Children are 
immature on a chemical level and therefore when they grow and mature it will 
cause changes in the proportions and densities of all the components making up 
the human body.  It is essential that when children or adolescents are being 
assessed, that multi-component models are used, though the research and 
reference data in this field is very limited (Heyward and Wagner, 2004:109). 
 
Conventionally, hydrostatic weighing has been the measuring tool of choice for 
children; however this method in limited as the testing procedures can be difficult 
to comply with for some very overweight or young children.  Therefore there has 
been a movement towards other methods of assessment (Heyward and Wagner, 
2004:109).   
 
When evaluating whether or not a population is at risk, there needs to be a 
standard of anthropometric measures, reference populations and norms to 
compare the sample to.  Many measures have been used over time, namely 
skinfold thickness, BMI, weight-for-age and waist-to-hip-ratio (Rossouw et al., 
2012:1). 
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Another measure that looks at the make-up of an individual’s body is 
somatotyping as it quantifies the composition and shapes that the human body 
forms, and is described in three standards, ectomorphy being a slender person, 
endomorphy being a fatter person and mesomorphy being a muscular person 
(Makgae, Monyeki, Brits, Kemper and Mashita, 2007:241).  Research has shown 
that there is very strong relationship between obesity and endo- and 
mesomorphy, especially in the black population and there is also a very strong 
link between being obese and developing hypertension as an adult (Makgae et 
al., 2007:241). 
 
2.2.7.1 BIOELECTRICAL IMPEDANCE 
 
Bioelectrical Impedance (BIA) is used to estimate fat-free mass rather than 
percentage body fat.  It is a noninvasive, efficient and relatively cheap method 
that can be used in the field and in clinical settings (Heyward and Wagner, 
2004:87).  It is measured using four electrodes applied to the hand, wrist, foot 
and ankle (Heyward and Wagner, 2004:92).  A current of 50 kHz is sent through 
the electrodes on the foot and hand and any drops in voltage are noted by the 
sensor electrodes on the ankle and the wrist (Heyward and Wagner, 2004:92).  
When the voltage drops, it is an indication of the amount of resistance the 
electrical current is receiving, with this measure being relatively accurate as the 
water in the body, is an excellent electrical conductor (Heyward and Wagner, 
2004:87).  The greater the resistance, the larger the amounts of body fat present 
in the individual’s body as adipose tissue is not a very good conductor of 
electrical current as it contains very little water.  The benefits of using BIA is that 
it is not very technical in its administration, it is more comfortable for the 
individual and more respectful of their personal space, and it is more accurate at 
estimating the body composition of more obese individuals (Heyward and 
Wagner, 2004:87).  Once the measurements have been taken, the results are 
then used to calculate the result using various equations.            
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The most renowned bioelectrical impedance equation that is used in children is 
the Houtkooper et al. (1992) equation.  The limitations to using this method is 
that it requires specific equipment and it is more time consuming than measuring 
skinfolds.   
 
2.2.7.2 DXA MODEL 
 
More recently, Dual-Energy X-Ray Absorptiometry (DXA) has been used to 
develop a reference system for body composition in children and adolescents 
(Heyward and Wagner, 2004:111).  This form of testing is a method that uses an 
x-ray tube to provide more precise and accurate estimates of bone mineral 
density and soft tissue components (Heyward and Wagner, 2004: 40).  However, 
further research has shown that there is no clear validity to using this method as 
there is a lot of room for error when using this method in children (Heyward and 
Wagner, 2004:112).   
 
2.2.7.3 NEAR-INFRARED INTERACTANCE 
 
Near-Infrared Interactance (NIR), is an indirect method that is able to estimate 
the percentage of body fat an individual is made up of using the reflectance of 
near-infrared light off the underlying tissues.  It is measured at only one site on 
the body, the biceps brachii (Heyward and Wagner, 2004:99).  It is an attractive 
method to employ as it is a fast, painless, simple method that respects the 
participant’s privacy as there is no need for them to take any clothing off 
(Heyward and Wagner, 2004:99).  However, when it comes to children, there is 
very limited data surrounding the NIR method and a lot more research needs to 
be conducted before it can be considered appropriate and accurate (Heyward 
and Wagner, 2004:119).   
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2.2.7.4 ANTHROPOMETRY 
 
For many years anthropometry has been used internationally to help evaluate 
and report on nutrition and general health and it has become significant for 
adolescents as it helps to assess physical and maturational changes and any 
health risks that may present themselves during development (Al-Sendi, Shetty 
and Musaiger, 2003:367). 
 
Anthropometric prediction equations combine body circumferences (wrist, arm 
and thigh) with skeletal diameters (biacromial and wrist) to estimate body density 
(Heyward and Wagner, 2004:120).  The limitation with these equations is that 
they either overestimate or underestimate the average body density.  It was 
concluded that skinfolds are a better method to use when predicting the body 
density of children (Heyward and Wagner, 2004:120). 
 
2.2.7.5 BODY MASS INDEX 
 
Even though its limitations are widely recognized, BMI is the most commonly 
used measure and in children every age group has its own norms and cut-offs 
and therefore it is referred to as BMI-for-age.  The IOTF, CDC and WHO have 
developed these norms after much research, but they have done very little 
research in Africa and Asia (Rossouw et al., 2012:1). 
 
2.2.7.6 SKINFOLD MEASUREMENTS 
 
With regards to skinfold measurements, most of the models used to equate body 
fat percentage, estimate body density and not necessarily body fatness and they 
are inclined to overestimate body fat percentage in children and adolescents 
(Heyward and Wagner, 2004:110). 
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2.2.8 CONSIDERATIONS WHEN ASSESSING BODY FATNESS AND 
OBESITY IN CHILDREN AND ADOLESCENTS 
 
When testing is conducted in participants that are children, there is a great deal 
of sensitivity that needs to be considered before embarking on it.  They require 
specific circumstances and conditions before testing can be conducted.  
    
Heyward and Wagner (2004:112) listed the following special considerations to 
take into account when conducting testing in children and adolescents. 
 
1. The parents need to be informed of the intended testing before it 
commences, with a clear explanation of the process, procedure and 
purpose of the testing and their consent needs to be obtained; 
2. The participants need to be very clear on the reasoning for the 
assessment as well as the procedure that is to take place; 
3. Only sites that are considered standard components according to 
research should be measured; 
4. Another adult should always be present when conducting the 
assessments;  
5. There should be complete confidentiality in terms of the results, only 
allowing the participants and their parents to see them; 
6. Private feedback on the results obtained needs to be provided, with 
comparisons to the normative data; 
7. The testing experience needs to be a positive one for the participant and 
care should be taken not to belittle, criticize or embarrass the participant 
during any of the testing conducted. 
 
2.2.9 SOUTH AFRICAN OBESITY TRENDS IN CHILDREN AND 
ADOLESCENTS 
 
Research is showing that South African children are indicating similar trends in 
obesity and overweight as those of developed countries showed 10 years ago 
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(Truter et al., 2010:227).  Obesity and the negative side effects that accompany it 
are very prevalent in South Africa.  This causes increases in the cost of health 
care, which is seen at both a private and state level (Steyn et al., 2006:65). 
 
In Africa the stats show that the number of children that are classed as 
overweight and obese has doubled since 1990, and more specifically in South 
Africa, there is a definite increase in the incidence of both, but it depends heavily 
on age, the sex and the population group to which the individual belongs 
(Rossouw et al., 2012:1).  It has been reported that Africa has the quickest 
growth rates, in terms of overweight and obesity, in the world.  The two main 
factors that have been blamed for these numbers are the decrease in the levels 
of physical activity and an increase in the intake of high fat foods (Rossouw et al., 
2012:1).  Even more shocking stats have predetermined that overweight and 
obesity will be responsible for 7 out of every 10 deaths by 2020.  This is due to 
the negative impacts on the human body and the development of many non-
communicable diseases that increases the risk of mortality in any individual 
(Rossouw et al., 2012:1). 
 
When looking at all the studies that have been conducted in South Africa 
focusing on overweight and obesity in children, since 1999 the prevalence has 
increased to an average of 15% across all the studies.  In communities from 
Limpopo, Eastern Cape and KwaZulu-Natal, the levels of overweight and obesity 
are tremendously elevated with many children being defined as overweight or 
obese (Rossouw et al., 2012:2).  It was suggested that the reasons for this are 
cultural beliefs and traditional practices, where a fat infant is viewed in a very 
positive light and seen as healthy, so mothers tend to over-feed their children so 
they remain this way (Rossouw et al., 2012:2).  As in the previous studies 
discussed here, the review of all the studies conducted in South Africa on 
childhood obesity have shown that girls are more often overweight or obese than 
boys the same age and this was closely linked to the onset of menarche 
(Rossouw et al., 2012:2). 
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The Health of the Nation study was conducted from 2001 to 2004 and took place 
in South Africa and was conducted among 10 195 subjects in 5 of the 9 
provinces.  The subjects were from very different socioeconomic backgrounds 
and they used BMI to define the cut-offs for obesity and overweight (Armstrong 
Lambert, Sharwood and Lambert, 2006:52).  The results also showed that  the 
only significant differences existed between the 13 year old white and coloured 
boys and when looking at activity levels, the children that are particularly active, 
are 2kg’s heavier and 3cm taller than the more sedentary children (Armstrong et 
al., 2006:57).  It was also said here that what is deemed desirable in certain 
cultures has a very large influence on the weight of the girls especially, and 
another factor to consider is that in certain African cultures, being more 
overweight indicates that the individual is not sick and therefore does not have 
HIV/AIDS (Armstrong et al., 2006:62). 
 
When South Africa is compared to other countries in terms of ethnicity and the 
incidence of obesity and overweight, in 1994, when compared to America, white 
children reported values that were within fewer than 3% of what America was 
reporting, as did the black girls, but the black boys were found to be less than 
half as likely to be obese or overweight as their American counterparts 
(Armstrong et al., 2006:62). 
 
The National Youth Risk Behaviour Survey conducted in 2008 (2010:38) reported 
that 19.7% of school-going children in South Africa are overweight, with majority 
of them being females and the 14 and 15 year olds were more overweight than 
the older learners.  It was reported that 5.3% of the entire school-going 
population were obese, and once again the females were more obese than the 
males (Reddy, James, Sewpaul, Koopman, Funani, Sifunda, Josie, Masuka, 
Kambaran and Omardien, 2010:38).  Even though there were no race differences 
when overweight was considered, as far as obesity is concerned, the white 
learners were far more obese than the other races.  The province with the 
highest level of overweight was Kwa-Zulu Natal and Gauteng had the highest 
level of obesity (Reddy et al., 2010:38).        
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There were definite increases over the 6 years from the 2002 survey, where 
16.9% of the learners were reported to be overweight and 4% were obese.  The 
females remained fatter and the white learners were heavier than the other 
ethnic groups (Reddy, Resnicow, James, Kambaran, Omardien and Mbewu, 
2008:206). 
 
In 1997, Cameron and Betz (1997:780) placed very little emphasis on the risk of 
being obese in rural adolescents in South Africa and called it ‘benign obesity’.  
However, later research has shown a very strong link between obesity and non-
communicable diseases. 
 
de Onis and Blössner (2000:1032) suggested that in developing countries 2.3 
percent of children in the reference population are estimated to be overweight 
and that Africa’s incidence of overweight in children is 3.9 percent.  Southern 
Africa ranks second in the descending order of prevalence (6.5%), mainly 
because of rates in South Africa, where a national survey conducted in 1995 
showed that 6.7 percent of preschool children were overweight (2000:1032). 
 
The de Onis and Blössner (2000:1032) results concluded that 18.55% of the 
subject group was overweight and 6.5% were obese, which correlates with 
international findings in other developing countries (Truter et al., 2010:231).  It 
was also apparent that overweight and obesity have a strong negative effect on 
the fitness limits of children between the ages of 9 and 12 years.  The most 
affected aspect of the physical body is that of the cardiovascular system and the 
musculature (Truter et al., 2010:232).  Unfortunately there is no end in sight to 
the increase of this pandemic in children, and that is why interventions are so 
important and urgently needed at a school level, where majority of the children in 
the South African population are accessible (Truter et al., 2010:232).  Though the 
study group was relatively small, the message that was made clear is that South 
African children need to get active. 
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The Reddy et al. (2012) study looked at the South African pandemic and how it 
had changed from 2002 to 2008.  There was a very good mix of races, genders, 
home locations as well as school quintiles.  The results of this study showed that 
there was a significant increase in the rates of overweight in the adolescent boys 
as it amplified from 6.3% in 2002 to 11.0% in 2008, with black boys showing the 
biggest increases of all the sub groups.  The incidence of obesity moved from 
1.6% to 3.3% and in the adolescent females, it increased from 5.0% to 7.5%, 
with coloured girls showing the most significant augmentation (Reddy et al., 
2012:264). 
 
The Reddy et al. (2012) study was conducted in rural South Africa, and the 
results showed that the level of overweight in boys remained moderate 
throughout childhood; however with girls, from 14 years of age onwards, 
combined overweight and obesity was present at 18%, peaking at 20-25% in late 
adolescence (Kimani-Murage et al., 2010:6).  When using waist circumference 
cut-offs, 10% of the adolescents were at an increased risk of developing 
metabolic disease, with the risk being higher in girls than boys (Kimani-Murage et 
al., 2010:7).  The levels of obesity are lower than those reported on using the 
general population.  However, this study extracted the information from a 
population of rural South African children, where in the general population, the 
levels are reported as 7% in boys and 25% in girls aged 13 to 19 years, whereas 
in the above-mentioned study the levels are reported as 4% for boys and 16% for 
girls (Kimani-Murage et al., 2010:10).  The central obesity levels were 
substantial, especially amongst the female subjects, and this is measured using 
waist circumference, which is in itself a strong indicator for risk of metabolic 
syndrome.  This risk is shown to increase with sexual maturation, and this 
indicator is becoming more prevalent among lower and middle class income 
communities (Kimani-Murage et al., 2010:10).  
 
As research is continuing on the subject, the levels of childhood obesity being 
reported are becoming disturbingly high, and this seems to be the case in South 
Africa as well.  Results in 2006 have shown that the levels of overweight were 
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3.2% in boys and 4.9% in girls aged 6 to 13 years.  As far as obesity is 
concerned, in the same age group, the levels are 14% in boys and 17.9% in girls 
(Truter et al., 2010:227), which coincides with the levels being reported around 
the rest of the world. 
 
One of the most prominent studies conducted in South Africa, was the THUSA 
BANA study.  This study looked at different aspects of growth and development 
of children living in Ellisrus in the North West Province of South Africa.  The main 
study was divided into many sub-studies that examined specific aspects in more 
detail.  In one of these sub-studies, the researchers looked at what determines 
whether an adolescent between the ages of 10 and 15 years, is overweight and 
obese or not.  They observed dietary intake, levels of physical activity, the 
demographics of the children as well as their socioeconomic status (Kruger et al., 
2006:352).   Most of the children in the study had a weight that was within the 
range of a normal adolescent for their age, with only 7.8% of them being either 
overweight or obese.  As in previous studies, twice as many of the girls (10%) 
were obese or overweight compared to the boys (5.6%) (Kruger et al., 2006:353).  
The 11 year-old group was the smallest in terms of body fatness (6.7%) 
compared to the 10-year-olds (9.1%) and the 15-year-olds (9.1%).  The highest 
levels were observed in white children (14.2%) in comparison with Indian children 
(6.4%), coloured children (2.9%) and black children (7.1%).  Twice as many 
white children and girls were overweight than the other races and boys (Kruger et 
al., 2006:354).  Many suspected contributing factors were scrutinized, but the 
most prominent causes were smaller households, inactivity and maturing for 
girls, whereas girls whether or not they had reached menarche were 
determinants for a very high level of fatness making up body composition (Kruger 
et al., 2006:351).  It was deduced from this, that when looking at preventing 
overweight and obesity in girls, they need to be intervened between the ages of 
10 and 13 years, when they are pre-menarchal.   These results correlated with 
the results of the South African National Food Consumption Survey and are 
equivalent to that of other developing countries such as Egypt, China and India 
(Kruger et al., 2006:355). 
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Another study published in 2006 showed that the incidence of obesity and 
overweight in South Africa is extremely high.  The statistics show that over 29 
percent of men and more than 56 percent of women are either overweight or 
obese, and 30 percent of women between the ages of 30 and 59 years are 
proving to be obese (Steyn et al., 2006:65).   
 
When looking at BMI, different studies have reported different levels, but the 
IOTF correlated all the data and was able to present the levels per gender per 
age group as seen in Table 2. 
 
Table 2: The mean BMI of South African people categorised by gender and 
age, adapted from the IOTF analysis in 2002 (Steyn, Fourie and Temple, 
2006:66) 
Country Gender Age in Years 
  5-14 15-29 30-44 45-59 60-69 70-79 
South Africa Male 13.8 21.5 24.2 25.3 24.8 24.4 
 Female 14 24.4 28.5 29.9 28.8 27.7 
BMI was categorised as overweight being >25 kg/m2 and obesity >30 kg/m2.   
 
The statistics have clearly shown that there is a very prominent issue of obesity 
in South Africa and that the most at risk population are black females (Steyn et 
al., 2006:66).   
 
In 2006, Armstrong, Lambert, Sharwood and Lambert (2006:52) looked at the 
Health of the Nation study and discovered that 2.4% of the boys were obese and 
4.8% of the girls in South Africa.  Of the boys 10.9% and of the girls 17.5% were 
found to be overweight. 
 
In South Africa the National Food Consumption Survey reported that 17.1 
percent of children aged 1 to 9 years, that live in urban sectors are overweight.  
The THUSA BANA study showed that children aged 10 to 15 years have 
elevated percentage body fat, with girls showing the highest levels no matter 
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their age (Steyn et al., 2006:67).  What is very interesting is that different studies 
conducted in different parts of South Africa report different findings, however this 
just means that obesity is dependent on where the individual lives (Steyn et al., 
2006:67).       
 
Van Der Merwe (2004:16) reported that worldwide the incidence of obesity in 
children aged 6 to 17 years was about 11% with 14% of the rest of the children 
being overweight.  This epidemic is not more prevalent in any one ethnic group, 
age, socioeconomic status, however it has been found that certain cultural and 
hereditary characteristics play an important role in the presence of obesity and 
overweight (Van Der Merwe, 2004:16).  The levels are higher in the richer 
individuals and those that reside in the urban areas, as well as those individuals 
that do less physical activity and those whose diets have moved more towards 
fast foods and away from the healthy alternatives (Van Der Merwe, 2004:16). 
 
Levels in South African adults were shown to be 19.4% of males and 26.7% of 
females were overweight according to their BMI and 6% of males and 31% of 
females were found to be obese according to their BMI (Popkin, 2003:589).         
 
A survey conducted in 2003 looking at health and demographics reported that 
29% of South African men and 59% of South African women were either 
overweight or obese.  In 2002, a survey on the youth of South Africa showed that 
17.2% were overweight or obese and of these 4% were obese.  In 2005, a 
survey on the consumption of food showed that 4.8% of children between the 
ages of 1 and 9 were obese or overweight (WHO, 2009:5-6).     
 
When considering South Africa as a developing country, Wang and Lobstein 
(2006:11) suggested that the prevalence of childhood obesity is increasing in 
almost all industrialized countries for which data are available, and in several 
lower-income countries.  In South Africa specifically, the highest prevalence 
levels for overweight were found among young white (23%) and Indian 
populations (25%) compared with young Africans (17%) (Wang and Lobstein, 
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2006:11).  As the economies develop, the pattern changes to one where higher 
obesity levels are found among lower income groups.  In industrialised, 
economically developed countries, children in the lowest socioeconomic groups 
may be at greatest risk, as may be children in specific racial or ethnic groups 
(Wang and Lobstein, 2006:11).  
 
In another study that looked at both sides of the spectrum, being stunting and 
over-nutrition, the results showed that in South Africa from 1994 to 2004, boys 
between the ages of 8 and 11 years, increased from 1.1% being overweight to 
9.5%, and for girls of the same age and over the same time period, the increase 
was from 1.4% to 16.5% (Armstrong, Lambert and Lambert, 2011:838).  When 
considering obesity, in 1994, only 0.2% of the population fell into this category, 
however ten years later, 2.2% of boys and 4.4% of girls were defined as obese.  
This study looked at the cross-sectional data of 8 to 11 year olds from two 
separate studies to obtain its results.  This study hypothesized that the reasons 
for the increases were due to the de-sensitization of physical activity in schools 
as well as feeding schemes that are present in impoverished area’s being 
accessible to children at risk of being overweight (Armstrong et al., 2011:839).     
 
2.2.10 INTERNATIONAL OBESITY TRENDS AND STATISTICS IN CHILDREN 
AND ADOLESCENTS 
 
Wilding (2006:501) stated that the prevalence of obesity has been increasing for 
several decades.  It is suggested that it is now the most common nutritional 
disorder worldwide, and its medical, psychological, social and economic effects 
have major consequences for health.  
 
In Sub-Saharan Africa, the prospects are very grim as it has been projected that 
the future does not look promising due to the fact that the diseases associated 
with obesity are chronic in nature and the health costs that accompany them, the 
under-financed countries need to be prepared to deal with an additional epidemic 
along with HIV/AIDS, TB and malaria (Ziraba et al., 2009:8).  Sadly the urgency 
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needed to address this problem is lacking in Africa, where the focus is on 
infectious diseases more than the chronic diseases that could very well become 
more detrimental in the future (Ziraba et al., 2009:8).   
 
Lobstein and Baur (2004:11) noted that in Sub-Saharan Africa there are very 
limited representative data available for studying the secular trends in childhood 
obesity, because most public health- and nutrition-related efforts have been 
focused on malnutrition and food safety problems.  Most of the available data 
that do exist are collected for pre-school children and focus on malnutrition, 
rather than obesity.  In general, the prevalence of childhood obesity remains very 
low in this region, except for countries such as South Africa where obesity has 
become prevalent in adults, particularly among women, and where childhood 
obesity is also rising (Lobstein and Baur, 2004:12).  This study recognized a 
recent comprehensive study that was conducted among pre-school children from 
24 Sub-Saharan countries excluding South Africa, and the prevalence of 
overweight including obesity (defined as a weight-for-height standardized score 
greater than one, i.e. WHZ>1) was below 10% in 18 countries, and the 
prevalence of obesity alone (defined as WHZ>2) was below 5% in all countries 
except for Malawi.   
 
It was further found that overall the prevalence of overweight (including obesity) 
was 8.4% while for obesity alone the prevalence was 1.9%.  Data from South 
Africa show the prevalence of overweight (including obesity) to be among the 
highest in the whole region. Data for young people aged 13 to 19 years shows 
the prevalence of overweight to be over 17% (IOTF cut-offs) with boys generally 
less at risk (7%) than girls (25%).  Prevalence was highest (over 20% for both 
boys and girls) in white and Indian population groups.  Of all regions in the world, 
Sub-Saharan Africa shows the highest rates of poverty and has been subjected 
to war, recurrent famine and high rates of child mortality (Lobstein and Baur, 
2004:12).  In addition Sub-Saharan Africa is experiencing a widespread epidemic 
of HIV/AIDS affecting 5 to 10% of the adult population in the region, and in some 
areas affecting over 20%.  A reduction in adult productivity through sickness or 
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through having to care for a sick family member will reduce family earnings and 
reduce access to food supplies for children as well as adults.  Medical costs may 
mean that land and livestock are sold, jeopardizing food security (Lobstein and 
Baur, 2004:12). 
 
Obesity in young people has become a very prominent health problem 
worldwide, and statistics from both developed and developing countries show 
that the increase over the past 10 years is only going to get worse (Al-Sendi, 
Shetty and Muraiger, 2003:367). 
 
Concerning statistics show that less than 50% of children that are obese and 
between 70 and 80% of adolescents that are obese will be obese adults.  An 
obese individual with any one of these diseases will enter a perpetual cycle as 
they are obese which has resulted in the comorbidity, but they cannot exercise to 
help themselves due to the effects of the diseases – for example with Diabetes 
related amputations and heart disease that limits physical exertion (Wisniewski 
and Chernausek, 2009:77).   
 
Ross and Scott (2006:8) suggested that over the last 30 years, the prevalence of 
obese children has increased dramatically.  This increase has occurred to 
varying degrees in different age groups, ethnicities and countries.  Lobstein et al. 
(2004:4) suggested that ten per cent of the world’s school-aged children are 
estimated to be carrying excess body fat, with an increased risk for developing 
chronic disease.  Of these overweight children, a quarter are obese, with a 
significant likelihood of some having multiple risk factors for type 2 diabetes, 
heart disease and a variety of other co-morbidities before or during early 
adulthood.  The prevalence of overweight is dramatically higher in economically 
developed regions, but is rising significantly in most parts of the world (Lobstein 
et al. y, 2004:4). 
 
Steyn et al. (2006:67) reported on the NHANES III which showed the progress of 
obesity from 1960 to 1990 in the American population.  The results showed a 
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more pronounced increase in obesity in children compared to adults.  In 1960 the 
levels of obesity were reported as 0%.  By 1990, 3.0% of children were obese 
and only 1.4% of adults were obese. 
 
When the focus is turned to the international stage, it is very clear that this 
problem is occurring all around the world and that every country is being affected 
by the detrimental consequences of their children getting fatter.  The National 
Health System (NHS) in the United Kingdom reported in 2012 that 3 out of every 
10 children and adolescents aged between 2 and 15 years have been 
categorized as overweight or obese, 31% of boys and 29% of girls (NHS, 
2012:23).  This report also indicated that the proportion of obese children has 
increased from 11.1% to 19.4% (NHS, 2012:23).              
 
Sizer and Whitney (2003:314) indicated that more than 25% of the American 
school-age children were placed above the 85th percentile for BMI.  Among 
children and teens age 6 to 19 years old, 16%, or more than 9 million young 
people, are considered overweight. 
 
Conservative estimate in 2006 suggested that 15 to 20% of children and 
adolescents are obese.  This study stated that the prevalence of children ages 12 
to 19 years with a BMI  greater than the 95th percentile was 16.1%, for ages 6 to 
11 years it was 15.8%, and for ages 2 to 5 years it was 10.3% (Ross and Scott, 
2006:8).  Unfortunately, research has shown that most obese children will 
become obese adults with a multiplicity of accompanying medical risk factors 
(Ross and Scott, 2006:8).  
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Figure 2: Prevalence of overweight and obesity among school-aged 
children in global regions (Lobstein, Baur and Uauy, 2004:6); 
(Defined by IOTF, children aged 5-17)  
 
Historically, several large anthropometric surveys of Western Australian children 
have been conducted since 1940.  These data sets were used comparing height, 
weight and Body Mass Index (BMI) for young people aged 6 to 16 years. They 
found that the children were heavier and taller in 2000 than the previous data 
sets, with a similar trend in both genders. Of concern was the finding that there 
was a strong upward trend in weight, particularly between the 1974 and 2000 
data sets, and particularly for 10 to 12-year-old children (Hands et al., 2004:29).  
Therefore it can be suggested from these results that the childhood obesity is an 
epidemic that is only increasing as the generations pass. 
 
Trost, Sirard, Dowda, Pfeiffer and Pate (2003:834) stated that the prevalence of 
overweight and obesity among children and adolescents is increasing at an 
alarming rate.  Data from the 1999 US National Health and Nutrition Examination 
Survey (NHANES) indicate that 13% of children between the ages of 6 to 11 
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years and 14% of adolescents between the ages of 12 to 19 years are obese, 
which is an increase of 2–3% from NHANES III (1988–1994) (Trost et al., 
2003:834).   
 
In addition to the above stated studies, Harper (2006:288) suggested that the 
incidence of overweight children aged between 6 and 11 years has more than 
doubled while the incidence for adolescents from age 12 to 19 has tripled 
between 1980 and 2000.  The prevalence is highest among minorities and 
children belonging to low socioeconomic classes.  Because overweight children 
tend to become obese adults, the future economic burden on the healthcare 
system will be significant (Harper, 2006:288). 
 
2.2.11 CONCLUSIONS FROM RESEARCH 
 
Troiano and Flegal (1998:497) believed that both BMI and skinfolds needed to be 
used in conjunction when defining childhood obesity as they both measure 
different components that cannot be separated when classifying a child.  But for 
ease of measurement they preferred BMI (Troiano and Flegal, 1998:497).  Times 
have changed as more research has been conducted, and it has become 
apparent that using both, regardless of how difficult it may be, is the preferred 
method of reporting on childhood obesity. 
 
Table 3 summarises the South African and International incidence of overweight 
and obesity for all age groups. 
 
Table 3: Incidence of overweight and obesity in South African and 
International literature 
# Author/s Measure Age & 
Gender 
Overweight 
% 
Obese 
% 
Country 
1. Rossouw et 
al. (2012) 
Trends All  15% RSA 
2. Reddy et al. Trends in Adolescents 11.0% 3.3% RSA 
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(2012) 2008 
3. Reddy et al. 
(2012) 
Trends 14; boys 18% 20-
25% 
Rural 
RSA 
4. Reddy et al. 
(2012) 
Trends in 
2002 
Adolescents 6.3% 1.6% RSA 
5. Reddy et al. 
(2010) 
Trends in 
2008 
All school-
going 
19.7% 5.3% RSA 
6. Truter et al. 
(2010) 
Trends in 
2006 
6-13; Boys 3.2% 14% RSA 
7. Truter et al. 
(2010) 
Trends in 
2006 
6-13; Girls 4.9% 17.9% RSA 
8. Van Der 
Merwe 
(2004) 
Trends in 
2004 
6-17; both  11% RSA 
9. Lobstein 
and Baur 
(2004) 
Trends in 
2004 
13-19; both 17%  RSA 
10. de Onis 
(2000) 
Trends in 
1995 
Children 18.55% 6.50% Southern 
Africa 
11. National 
Statistics 
(2012) 
Trends in 
2012 
2-15; boys 31%  UK 
12. National 
Statistics 
(2012) 
Trends in 
2012 
2-15; girls 29%  UK 
13. National 
Statistics 
(2012) 
Trends in 
2012 
2-15; both  19.4% UK 
14. Sizer and 
Whitney 
(2003) 
Trends in 
2003 
6-19;  both 16%  USA 
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2.3 MEASUREMENT AND QUANTIFICATION OF BODY FATNESS AND 
OBESITY 
 
There are various measures that can be used to quantify and categorise an 
individual’s body fat percentage and ascertain whether or not they are obese or 
not.  The current study made use of three measures, namely skinfolds and body 
fat percentage, body mass index and waist-to-hip-ratio. 
 
2.3.1 SKINFOLDS AND BODY FAT PERCENTAGE 
 
2.3.1.1 DEFINITION OF SKINFOLDS AND BODY FAT PERCENTAGE 
 
A skinfold can be defined as a double compressed thickness of skin and 
subcutaneous fat and it is pinched by a caliper at predetermined sites on the 
human body (Krebs et al., 2007: S193).  These measurements are then entered 
into population specific equations from which body fat percentage is then 
calculated.  Body fat percentage can be defined as the percentage of the entire 
mass of the body that does not consist of muscle, fluids, tissues and bones 
(Rogers, 2009:1).   
 
2.3.1.2 REVIEW OF RESEARCH PERTAINING TO SKINFOLDS AND BODY 
FAT PERCENTAGE IN CHILDREN AND ADOLESCENTS 
 
Skinfold measurements have been present in research on nutrition and body 
fatness for many years.  They predict total fat in young people and they also 
provide information on other risk indicators (Krebs et al., 2007: S193). 
 
Skinfold thickness is used to define body composition because it is timeous, 
inexpensive and requires basic training and there are standards that the results 
can be compared to.  The reason it is received so well internationally is due to 
the fact that it defines the levels of subcutaneous fat which represent up to 60% 
of the body’s total fat (Rodríguez, Moreno, Blay, Fleta, Sarría, Bueno and the 
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AVENA group, 2005:1159).  Heyward and Wagner (2004:49) agreed with this 
and further stated that the measurements of skinfolds are similarly accurate to 
MRI’s and computed tomography (Heyward and Wagner, 2004:49).  The 
distribution of subcutaneous fat is similar for each gender and age group as older 
individuals tend to have less body fat than their younger counterparts (Heyward 
and Wagner, 2004:49).   
 
It was found that in children aged 6 to 12.9 years that the most accurate measure 
of percentage body fat is using the triceps skinfold, followed by weight for 
height2.  The second most valuable skinfold is the subscapular skinfold, 
especially in boys (Roche et al., 1981:2833, 2836).  
 
Most studies investigating the relationship between obesity, nutrition and physical 
activity use BMI to ascertain whether any difference has been made after 
intervention.  However, BMI is complicated by the fact that it includes muscle and 
fat free mass.  Percentage body fat on the other hand precisely evaluates 
subcutaneous fat and therefore adiposity and may be more accurate in its 
evaluation of any changes that occur (Carlson, Crespo, Sallis, Patterson and 
Elder, 2012:110).   
 
2.3.1.3 METHOD OF SKINFOLD MEASUREMENTS  
 
Measuring skinfold thickness is a method that requires specific equipment, 
namely calipers, which are able to determine the amount of fat present beneath 
the skin by simply pinching the skin at specific locations on the body (Harvard, 
2012:4).   
 
The totals are calculated using various prediction equations, which are selected 
according to the population being measured (ethnicity and age), the experience 
of the measurer and the circumstances where the measurements will take place.  
It is also important to be aware of the limitations and assumptions of measuring 
skinfolds so that the measurer is able to complete accurate and valid 
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measurements (Norton and Olds, 1996:172).  Because these equations are so 
population-specific, it is very important that the measurer uses the equations in a 
population that is as similar as possible for whom the equation was developed 
(Norton and Olds, 1996:175).   
 
A serious consideration when measuring skinfolds is the invasiveness required to 
obtain an accurate measurement.  This is especially important with children 
where there is a large amount of sensitivity involved when adults conduct tests 
that require them to physically touch the children.  It is for this reason that a 
researcher needs to carefully deliberate as to whether or not they should use 
skinfolds to define body fatness (Heyward and Wagner, 2004:112).   
 
2.3.1.4 BENEFITS OF USING SKINFOLDS TO DEFINE BODY FATNESS 
AND OBESITY 
 
The measuring of skinfolds is a less costly, safer and more efficient method that 
can be repeatedly on a regular basis to help track an individual’s progress and 
improvements (Norton and Olds, 1996:173).  This type of measurement has high 
face validity as it is accurate and direct at defining the level of subcutaneous fat 
an individual has (Norton and Olds, 1996:173).  Skinfold measurements can 
drastically increase accuracy when reporting on children’s body fatness levels in 
children’s whose BMI for age is below the 95th percentile and their BMI could be 
moderately high and yet they may have prominent levels of adiposity (Freedman, 
Wang, Thornton, Mei, Sopher, Pierson, Dietz and Horlick, 2009:810).  Skinfold 
measurements are expedient and transportable, but they become problematic 
when used to measure people with a BMI of more than 35 and it is not as easy to 
repeat as other measures are (Harvard, 2012:4).        
  
Skinfolds have become linked to procedures that measure the adiposity of the 
whole body, including fat that is present around the organs, and is therefore 
found internally.  Due to the fact that many chronic diseases and health issues 
are associated with an increase in internal fat, especially that around the 
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abdomen, it is important that skinfolds are able to determine these levels of fat at 
the same time as measuring surface fat (Norton and Olds, 1996:174). 
 
Skinfolds are more accurate at forecasting what the overall amount of body fat is, 
more so than BMI is, which is clearly shown when considering that the triceps 
skinfold is more accurate at determining fatness in girls between the ages of 8 
and 19 years than BMI is (Freedman Katzmarzyk, Dietz, Srinivasan and 
Berenson, 2009:4).  The level of precision obtained by measuring skinfolds is 
dependent on which sites are measured, the expertise of the measurer and the 
regression equations used to calculate body fatness (Freedman et al., 2009:4).      
 
Freedman, Wang, Ogden, Thornton, Mei, Pierson, Dietz and Horlick 2007:183) 
proved that skinfold equations are more predictive of adiposity than just using 
BMI adjusted for age alone.  It decreases the presence of errors of prediction by 
7 to 9% which is very different when compared to BMI results.  Even though 
there have been these improvements, they are not very substantial in children.  
The two skinfolds that need to be measured when testing children are triceps and 
subscapular.  Even though in many studies more than two are measured, only 
two are often used as researchers feel that they are the most relevant (Freedman 
et al., 2007:184-185).   
 
2.3.1.5 ESTABLISHED SKINFOLD EQUATIONS 
 
Many equations have been developed over the years for very different and 
specific populations.  Researchers have attempted to produce equations for 
everyone. 
 
Table 4 shows the models that have been developed in the past to be used in 
children. 
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Table 4: Comparison of Skinfold Equations for Children (Heyward and 
Wagner, 2004:113) 
Name of 
Equation; 
Year 
Method and 
Caliper type 
Validation 
Sample 
Equation 
Brook, 1971 Total Body 
Water; 
Harpenden 
23 
children 
1 - 11 
years 
Ethnicity 
not 
recorded 
Boys: Db. = 1.169 - 0.0788 
(log∑4SKF)b 
Girls: Db. = 1.2063 - 0.0999 
(log∑4SKF)b 
Deurenberg, 
Pieters and 
Hautvast, 
1990 
Hydrostatic 
Weighing, 
Holtain 
114 boys 
98 girls 
7 – 12 
years 
Ethnicity 
not 
recorded 
Boys: Db. = 1.133 – 
0.561(log∑4SKF)b + 1.7 (age x 
10-3) 
Girls: Db. = 1.1187 – 0.063 
(log∑4SKF)b + 1.9 (age x 10-3) 
 
Durnin and 
Rahaman, 
1967 
Hydrostatic 
Weighing; 
Harpenden 
48 boys 
12 – 16 
years 
38 girls 
13 – 16 
years 
Ethnicity 
not 
recorded 
Boys: Db. = 1.1533 – 0.0598 
(log∑4SKF)b 
Girls: Db. = 1.1369 – 0. 0598 
(log∑4SKF)b  
 
Johnston, 
Leong, 
Checkland, 
Zuberbahler, 
Hydrostatic 
Weighing; 
Harpenden 
140 boys 
168 girls 
8 – 14 
years 
Boys: Db. = 1.1660 – 0.0070 
(log∑4SKF)b 
Girls: Db. = 1.1440 – 0. 0600 
(log∑4SKF)b  
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Conger and 
Quinney, 1988 
Canadian  
Ethnicity 
not 
recorded 
 
Lohman, 
Caballero, 
Himes, Davis, 
Stewart, 
Houtkooper, 
Going, 
Hunsberger, 
Weber, Reid 
and 
Stephenson, 
2000 
Total Body 
Water; 
Lange 
98 
children 
8 – 11 
years 
American 
Indian 
%BF = 17.66 – 0.08 (age) + 2.4 
(sex)a + 0.21 (BW) + 0.38 (tri 
SKF) + 0.20 (SI SKF) 
Slaughter, 
Lohman, 
Boileau, 
Horswill, 
Stillman, Van 
Loan and 
Bemben, 1988 
Hydrostatic 
Weighing, 
Single-Photon 
Absorbtiometry; 
Harpenden 
242 
children 
8 – 17 
years 
African 
American 
and 
Caucasian 
Boys: %BF = 0.735 (∑2SKF)c + 
1.0 
Boys: %BF = 0.783 (∑2SKF)d + 
1.6 
If ∑2SKF >35mm 
Girls: %BF = 1.33 (∑2SKF)d – 
0.013 (∑2SKF)2 – 2.5 
 
KEY: 
 
 
 
 
 
 
 
 
 
Db – body density 
%BF – percentage body fat 
BW – body weight 
SKF – skinfold 
tri – tricep 
SI – suprailiac 
a – sex: 0 for boys; 1 for girls 
b - ∑4SKF: biceps + triceps + subscapular + suprailiac 
c - ∑2SKF: triceps + calf 
d - ∑2SKF: triceps + subscapular 
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Regression equations have been researched and developed to help the 
measurement of skinfolds to be expressed as a percentage of the existing total 
body fat.  Therefore the amount of fat that exists in the body is expressed as a 
percentage of the whole body composition (Norton and Olds, 1996:174).       
 
Truter et al. (2010) tested body composition using BMI and skinfolds, and when 
calculating the levels of body fatness in their subjects, they used the Slaughter et 
al. (1988) equations as did the current study.  Each skinfold was measured twice 
and the mean of the two measurements was calculated and used as the 
reporting score.  They measured triceps, subscapular and medial calf skinfolds 
(Truter et al., 2010:228). 
 
Monyeki et al. (2008:311) also made use of the Slaughter skinfold regression 
equations to calculate percentage body fat and hence the choice of 
measurement for the current study.   
 
2.3.1.5.1 SELECTED SKINFOLD EQUATION 
 
There is one model that has shown to be accurate in measuring African and 
Caucasian boys and girls, aged 8 to 17 years (Heyward and Wagner, 2004:110-
112).  The equations employed are gender-, age- and fatness-specific as they 
use the sum of two specific skinfolds to predict body fatness.  Slaughter et al. 
(1988) developed specific fatness equations where the sum of the tricep and 
subscapular skinfolds is less or greater than 35mm and the intercept of the sum 
of the triceps and subscapular skinfolds for boys, varies according to the level of 
maturation attained (Heyward and Wagner, 2004:112).  When the Slaughter 
equations were cross-validated with reference models used in adults, it was 
found that these equations provide a fair amount of accuracy when estimating an 
average body fat percentage (Heyward and Wagner, 2004:114). 
 
These equations estimate the percentage of fat mass present from various 
skinfolds.  It is proposed for male and female children and adolescents before, 
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during and after puberty, and that is why they are the most widely used and 
accepted (Rodríguez, Moreno, Blay, Fleta, Sarría, Bueno and the AVENA group, 
2005:1158).  The evaluation conducted on an individual level using these 
equations was very poor, but due to lack of choice and there being no new 
equations developed in this regard, the Slaughter et al., (1988) equations were 
recommended to be used when looking at both genders.   
 
A large advantage of using the Slaughter et al. (1988) equations is that they 
account for the chemical alterations that occur in fat-free mass during puberty so 
therefore it reduces the effect that the individual’s pubertal status has on their 
body fatness (Cameron, Griffiths, Wright, Blencowe, Davis, Pettifor and Norris, 
2004:70, 74).   
 
A study that compared the various equations using skinfold measurements, 
concluded that the Slaughter et al. (1988) equations were the most accurate 
when compared to the results obtained from a DXA regardless of gender 
(Rodríguez et al., 2005:1158).  The Slaughter et al. (1988) equations are more 
accurate at reporting on percentage body fat then the other equations and when 
correlated with data from adolescents, there is a significant relationship.  It can 
therefore be concluded that the Slaughter et al. (1988) equations are sufficient to 
help differentiate between different degrees of fatness within a certain group 
(Steinberger, Jacobs, Raatz, Moran, Hong and Sinaiko, 2005:1346).  A further 
comparison with DXA showed that the Slaughter et al. (1988) equations showed 
the most agreement in all subjects, both girls and boys, and there was very little 
bias reported for the percentage of fat mass (Rodríguez et al., 2005:1161). 
 
The biggest challenge with the measurement of skinfolds is that human error 
plays a large role in the inaccurate estimation of body fatness therefore to 
eliminate as many possibly erroneous variables.  It is recommended that when 
using the Slaughter model, that Harpenden Calipers be used as these were the 
calipers used when developing the model (Heyward and Wagner, 2004:114). 
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2.3.1.5.2 LIMITATIONS OF THE SELECTED SKINFOLD EQUATION 
 
The limitations to the Slaughter (1988) model are that it underestimates the 
average body fat percentage of other ethnic groups of children or adolescents 
and because of this there is a need to refine the existing equations.  The one 
major problem with Slaughter et al. (1988) is that it does not take into 
consideration the Tanner Pubertal stages of development, so they need to be 
used with caution (Rodríguez et al., 2005:1165).   
   
A further analysis of the Slaughter et al. (1988) equations looked at the relevance 
of using it in children with an Africa ancestry.  Its main limitation was that its study 
population was 9 year old children (Rodríguez et al., 2005:1165), however the 
researcher in the current study thought the evidence with regards to ethnicity was 
relevant. 
 
The Slaughter et al. (1988) equations are directed more for use in a greater age 
ranged sample and samples with subjects at greatly varying stages of puberty 
(Cameron et al., 2004:74) which was the exact case in the current study and 
therefore  further motivation for its use.  
 
2.3.1.6 BODY FAT PERCENTAGE CUT-OFFS FOR CHILDREN AND 
ADOLESCENTS 
 
Throughout life, when females and males are compared in terms of body fat 
percentage, females show a gradual increase as they age but remain healthy.  
Males on the other hand show oscillations during puberty after which they show 
the same gradual increases that females have.  Interestingly, for females, 
through their entire lives they will show at least a 10% higher body fat percentage 
than males (Diet and Fitness Resources, 2012:1). 
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McCarthy, Cole, Fry, Jebb and Prentice (2006:600) reported percentile values for 
body fat percentage from which body fat percentage cut-offs were developed by 
Tanita (http://www.tanita.com/).   
 
2.3.1.7 SOUTH AFRICAN BODY FAT PERCENTAGE STATISTICS 
 
Results from research published in 2010 reported that the percentage of body 
fat, calculated using the measured skinfolds, was far higher in the overweight 
and obese group at 31.1% compared to 17.7% of the normal weight subjects.  
The respective skinfold thickness for the overweight and obese groups was as 
follows: 
 
Table 5: Results on skinfold thicknesses in groups of overweight and 
obese participants (Truter et al., 2010:229) 
  
Subscapular 
 
Triceps 
 
Medial Calf 
Min 
%BF 
Max 
%BF 
Overweight 6mm (±3.5) 8mm (±4.1) 7.5mm (±5.3) 15.7% 48% 
Obese 16.1mm 
(±6.4) 
14.6mm 
(±5.9) 
16mm (±5.4) 27.1% 59.1% 
 
Further statistics on body fat percentage was not found due to the lack of 
evidence in this field.  In many studies that have been conducted in the past, they 
use BMI to define obesity as skinfold measurements are more time consuming 
and invasive. 
 
2.3.1.8 LIMITATIONS WHEN USING SKINFOLD EQUATIONS TO DEFINE 
BODY FATNESS 
 
Even though skinfold measurements specifically measure the adiposity at a 
tissue level, there is a large amount of room for human error and this reduces its 
value when used in large research programs (Livingstone, 2001:109-110). 
 
71 
 
Another limitation of using skinfold thickness to predict body fatness is that it 
becomes less precise and more complicated to measure as the individual’s 
adiposity increases (Freedman et al., 2009:5) and that is why it is further 
recommended that skinfold thickness be used in conjunction with BMI to get the 
most accurate measurements and predictions of risk factors as possible. 
 
2.3.1.9 CONCLUSIONS FROM RESEARCH 
 
Cameron and Betz (1997:776) concluded that to accurately define whether a 
child is obese, both BMI and skinfold measurements need to be taken and 
calculated as BMI measures overweight regardless of composition of body 
tissues whereas skinfolds assist in defining whether a child is overfat or not, with 
its focus on adipose tissue.  As with many other studies, Cameron and Betz 
(1997:777) found that females tend to have higher levels of subcutaneous fat, 
with a clear quickening after menarche at the skinfold sites on the lower 
extremities and trunk.  It was also found that when the BMI results were 
compared to the skinfold results, BMI becomes a more accurate forecaster of 
adipose tissue in females after the age of 12 years, which is generally after 
puberty (Cameron and Betz, 1997:779).   
 
In the current study, the researcher carefully considered using skinfolds to 
measure body fat percentage and due to the fact that this was the main variable 
being measured in the study, the researcher deemed it too useful to exclude. 
 
Table 6 summarises the results from literature on body fatness using skinfold 
measurements. 
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Table 6: Body fatness trends from literature defined by skinfold 
measurements 
# Author/s Measure Age & 
Gender 
Overweight 
% 
Obese 
% 
Country 
1. Truter et al. 
(2010) 
Skinfolds All 31% combined RSA 
 
2.3.2 BODY MASS INDEX 
 
2.3.2.1 DEFINITION OF BODY MASS INDEX 
 
Body mass index is the ratio of weight in kilograms to height in meters2.  It is a 
relatively easy measurement to conduct and it is inexpensive as it only requires a 
weight scale and a height measuring device (Harvard, 2012:2).  It is used as a 
criterion to define obesity in people of all ages and racial background and it is a 
very important factor to consider when obesity and overweight appear (Kažoka 
and Vētra, 2007:170).  The results obtained can be compared to norms as there 
are internationally accepted cut-offs, which become more complicated when 
looking at children.  There is a strong relationship between BMI and body fatness 
and it has been used in hundreds of studies over the years (Harvard, 2012:2). 
 
2.3.2.2 REVIEW OF RESEARCH PERTAINING TO BODY MASS INDEX IN 
CHILDREN AND ADOLESCENTS 
 
BMI is the most widely used form of assessing overweight and obesity in clinical 
practice and studies as it is associated with adiposity.  When looking at children, 
it is not as simple as with adults where there are 2 cut-offs.  In young people, BMI 
is dependent on growth at certain ages and changes that are very different 
between the sexes (Wisniewski and Chernausek, 2009:77).  BMI is an 
internationally preferred means of defining childhood obesity due to the fact that 
there is little room for error when taking the measurements and the environment 
in which the testing is conducted does not have to be very specific.  As stated 
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here, using BMI in children is not as simple as when used in adults, due to the 
changes with age and maturation (Troiano and Flegal, 1998:497).   
 
BMI is a measure that accurately defines if there is excess weight in relation to 
height and not how much body fat there actually is (Freedman, Wang, Ogden, 
Thornton, Mei, Pierson, Dietz and Horlick, 2007:183-184). 
 
If BMI is used, it can be reasonably successful in testing for the presence of 
childhood obesity if the right cut-off is used while considering age in years and 
gender, which is not always possible and it is because of this that adult cut-offs 
cannot be used to accurately classify children (Reilly, Dorosty, Emmett and The 
APLSPAC Study Team, 2000:1623).  The specificity of the classifications is 
necessary to stop the treatment of wrongly diagnosed children that are not obese 
and on the other end of the spectrum to aid in properly identifying obese children 
to help with developing personalised interventions (Reilly et al., 2000:1626).      
 
BMI is less sensitive than skinfold measurements however it has been used 
extensively in the adult populace and is recognized internationally.  The difficulty 
when looking at BMI in children is that there are drastic changes during 
maturation that alter BMI and it goes through a roller coaster of increases and 
decreases as the individual grows up.  It is for this reason that the BMI cut-offs 
for children are defined per year of age (Cole et al., 2000:1240).  There has been 
a tendency towards using the American data that has cut-offs for overweight at 
the 85th percentile and for obesity at the 95th percentile as there has been 
extensive research conducted in this country, however the issue that arises from 
this is that the data is not representative of an international population and there 
is no exact benefit to only using the two percentile cut-offs (Cole et al., 
2000:1240).  Another factor to consider is that America has been aware of the 
epidemic of childhood obesity for many years and they have been implementing 
intervention programs to counteract the effects, so their research is based on a 
different history and population.   
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When looking at the relationship between parental BMI and that of their children, 
there is a very strong correlation.  It has been found that paternal obesity is more 
influential than that of the mothers’ obesity level alone as well as when compared 
to families that have parents with normal weight levels.  The proposed reasons 
for this are genetics and more importantly, the lifestyle and habits that the 
parents impart on their children (Marild et al., 2004:1594). 
 
Studies in adolescents have shown that the amount of fat in girls was different to 
that of boys even when the BMI was the same (Wisniewski and Chernausek, 
2009:78).  This was further proven in a study that stated that the relationship 
between BMI and body fatness is greater amongst girls than boys and is more 
accurate at predicting excess fatness in girls than skinfold thickness is 
(Freedman et al., 2007:183). 
 
In South Africa a significant increase in obesity among black children has been 
reported since 1994, which therefore indicates that in South Africa, interventions 
need to be developed specifically for each child, depending on their level of 
obesity, ethnicity, age, socioeconomic status and gender (Monyeki, Monyeki, 
Brits, Kemper and Makgae, 2008:406).  Even though childhood obesity has 
increased so drastically in South Africa, the incidence of malnutrition is still higher 
but shows improvement as the children get older (Monyeki et al., 2008:408). 
 
2.3.2.3 BENEFITS WHEN USING BODY MASS INDEX TO DEFINE BODY 
FATNESS 
 
BMI is useful in determining excess fatness in individual’s and it has also been 
proven to be very accurate at ascertaining whether or not both adolescents and 
children are at risk of developing any metabolic diseases, especially those of a 
cardiovascular nature (Freedman et al., 2009:1).  Monyeki et al. (2008:415) 
found that obesity levels at the age of 4.5 to 11.5 years and 8.1 to 14.9 years in 
girls are very strongly predictive of risk factors developing later on.  As can be 
seen, girls are more likely to develop obesity than boys.  BMI has also been 
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found to be as predictive of the advancement of type 2 Diabetes Mellitus as 
bioelectrical impedance and as predictive of cardiovascular disease as skinfold 
thickness (Freedman et al., 2009:5). 
 
Longitudinal tracking of BMI from a very young age through to adolescence may 
shed some light on the relationship between BMI at an early age and the 
presence of metabolic diseases later on, and therefore give an indication as to 
when interventions need to be implemented (Monyeki et al., 2008:405).  If 
children fall into a certain criteria at a young age, then preventative measures 
can be introduced which reduces the risks later on in life and there is also a 
decrease in the necessity to have to cure the problem (Monyeki et al., 2008:406). 
 
2.3.2.4 LIMITATIONS WHEN USING BODY MASS INDEX TO DEFINE 
BODY FATNESS 
 
BMI is one of the most commonly used measures to assess obesity levels, but 
the one major issue with this measure is whether or not it is reporting on 
overweight or overfat.  Overweight is the extra weight measured despite 
composition whereas overfat is an indication of extra adipose tissue.  Therefore, 
BMI is more accurately a means of measuring how overweight an individual is 
and skinfolds are more useful to determine levels of overfat (Cameron and Betz, 
1997:776).  By 2001, BMI had been accepted as the most dependable and 
legitimate measure of fatness in adults, but in children it wasn’t that simple.  BMI 
depends heavily on a person’s age, their gender, their race and how mature they 
are and so data needs to be age and gender specific (Livingstone, 2001:110 and 
Daniels et al., 2005:2000).  
 
BMI is influenced by both fat mass and fat free mass and therefore it offers a 
general description of fatness components as long as the children in the study 
are healthy, but when considering individuals it loses its accuracy and can 
erroneously define children as obese, when they might not be or if the degree to 
which they are obese is not clear (Okada et al., 2005:496).  BMI is obviously 
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dependent on height, so the taller a population, the higher the reported BMI, and 
different racial groups have certain characteristics unique to them which are not 
accounted for in the BMI cut-offs (Okada et al., 2005:497).  This was further 
supported in a study that showed that the precision of BMI measurements in 
children increases as the adiposity increases and the thinner the individual the 
less accurate the measurements are (Freedman et al., 2009:805).  The actual 
body fatness of normal weight children is very different to what their BMI for age 
might indicate, as there are large discrepancies between what is reported as fat 
mass and fat free mass, as BMI does not have the accuracy to determine this 
(Freedman et al., 2009:809).  There are also problems between BMI and gender 
differences as BMI tends to blur the relevant discrepancies between males and 
females as it does not differentiate between fat-free and fat mass (Wisniewski 
and Chernausek, 2009:77).  Tennefors and Forsum (2004: 546) and Livingstone 
(2001:110) agreed with the above studies, by stating that the persistent problem 
with BMI is that it is not the most accurate evaluation of the levels of fatness, 
which is measured more accurately with skinfolds, so BMI could ultimately 
undervalue how much of a problem a child may have, but if they are used in 
conjunction with skinfold measurements the results will be more accurate as the 
skinfolds can verify how much body fat there actually is (Livingstone, 2001:110).   
 
On the other end of the scale where researchers are looking at children that are 
morbidly obese and fall above the 97th percentile, there are no exact numbers 
that can differentiate between the individuals in this group and therefore the CDC 
growth charts should not be used (Woo, 2009:405).  There are two very 
important explanations as to why this group needs to be differentiated, namely 
the risk of the children developing metabolic diseases increases as their BMI 
increases and it is especially significant beyond the 97th percentile.  Secondly, 
there is a significant requirement that the achievements obtained from 
interventions be measured and reported, no matter how small the improvements, 
so as to keep the individual motivated to continue, however when the difference 
at this level cannot be distinguished this becomes difficult (Woo, 2009:405).  
Therefore there is limit to using the upper percentiles, and may result in very 
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inaccurate differences in weight rank among adolescents (Woo, 2009:407).  
Another limitation with BMI is that it can misreport obesity levels in thin and 
normal weight children as the BMI in these children is more indicative of fat free 
mass rather than fat mass but BMI does not distinguish between the two.  This 
was proven when BMI was compared to DXA (Freedman, Wang, Maynard, Mei, 
Pierson, Dietz and Horlick, 2005:1).   
 
As children grow their BMI changes but the relative buildup of fat may not follow 
suite and therefore it is restricted in its use as a predictor of adiposity on its own 
(Okada et al., 2005:495) and because BMI cannot determine the difference 
between fat mass and fat free mass it cannot clearly state the levels of adiposity 
an individual may possess.  Therefore it may be helpful when used in overweight 
children, but it becomes far less useful in normal weight children (Freedman et 
al., 2009:4).   
 
The problems associated with BMI measurements are that it is not faultless and 
does not differentiate between leanness and fatness.  It is very limited when used 
in young and older people and it does not necessarily account for gender or 
ethnicity (Harvard, 2012:3). 
 
Another issue with BMI is that it does not differentiate between fat and muscle 
and it does not define where and how the fat is distributed, and because of this 
BMI is not an extremely useful tool to be used when predicting the probabilities of 
the individual either developing or having a non-communicable disease 
(Kelishadi, 2007:63).   It has been recommended that to predict these risks it is 
best to use abdominal and upper body fat measurements rather (Kelishadi, 
2007:63).  Another problem is when people have a large muscle mass in the 
area’s being measured, because then muscle is mistaken for fat.  Racial 
differences also need to be considered when using BMI (Wang and Lobstein, 
2006:12).    
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There is a limitation to the new IASO cut-offs as they are restricted to 2 to 18 
year olds (Cole and Lobstein, 2012:285), however in the current study, the 
participants were aged 10 to 12.99 years and so these cut-offs were ideal.  Cole 
and Lobstein (2012:293) recommended that the new cut-offs be used in all future 
studies to allow for accurate comparisons between results.  One of the main 
limitations to these new cut-offs is that they are age specific and there is not a 
general cut-off for all children.  It was further suggested that if the cut-offs had 
been standardized for the age of 19 or 20 years, rather than 18 years it would 
have decreased the differences between the genders due to the fact that at 18 
boys are still growing whereas girls are tapering off (Cole and Lobstein, 
2012:293).  The reason this wasn’t a possibility was that the data collected from 
one of the six countries only went up to the age of 18, so there wasn’t a choice 
(Cole and Lobstein, 2012:293).   
 
The IOTF cut-offs have been labeled conservative and tend to underreport the 
extent of obesity and overweight (Van Der Merwe, 2004:17), however they are 
the most widely and easily used method worldwide and therefore can be 
compared to international data.  
 
2.3.2.5 ESTABLISHED CUT-OFFS FOR BODY MASS INDEX 
 
Marild, Bondestam, Bergstrom, Ehnberg, Hollsing and Albertsson-Wikland 
(2004:1588) stated that although adult overweight and obesity have definitive 
cut-offs, with children the changes that occur with each year of age means it was 
necessary for the IOTF to develop BMI cut-offs for 2 to 18 year olds, and define 
both overweight and obesity.  In the past BMI has commonly been described in 
percentiles, where anything above the 95th percentile is considered overweight, 
as defined by the CDC (Kelishadi, 2007:63).  Sweden has also developed their 
own growth charts for BMI, height and weight and has been used as their 
reference since the year 2000.  The population it was developed with was very 
specific and so its application in the rest of the world is very limited and not 
recommended (Marild et al., 2004:1588).   
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Cole, Bellizzi, Flegal and Dietz (2000:1240) researched a very integral part of 
childhood obesity by aiming to ascertain a worldwide norm for its classification 
that could be used in any country.  They surveyed 6 national studies from Brazil, 
Britain, Hong Kong, Singapore, the US and the Netherlands with almost 200 000 
participants.  They used BMI centile curves that passed through the 25 kg/m2 
and 30 kg/m2 as have been defined for adult overweight and obesity respectively 
(Cole et al., 2000:1240).  They were able to define cut-offs for children and 
adolescents aged 2 to 18 years.  This was done in 2002 by the IOTF that defined 
levels of body fatness according to the commonly used cut-offs of 30 kg/m2 as 
being overweight or obese (Kelishadi, 2007:63).  
 
2.3.2.5.1 ESTABLISHED CUT-OFFS FOR BODY MASS INDEX IN ADULTS 
 
The adult cut-offs that have been accepted internationally and used for many 
years state that an adult with a BMI of 25 kg/m2 or more are defined as being 
overweight and an adult with a BMI of 30 kg/m2 or more are defined as obese 
(Wang and Lobstein, 2006:11).   
 
2.3.2.5.2 ESTABLISHED CUT-OFFS FOR BODY MASS INDEX IN CHILDREN 
AND ADOLESCENTS 
 
Defining children as overweight or obese based on BMI is complicated, but as 
mentioned above, the IOTF have developed cut-offs for thinness and obesity that 
are both age and gender specific (Cole and Lobstein, 2012:285).  The benefit of 
using these cut-offs is that they are expressed as values of BMI and not as 
percentiles, which is the case with many other reference tables (Cole and 
Lobstein, 2012:285). 
 
The IOTF international cut-offs for overweight and obesity in children and 
adolescents are reported per six month interval and used to be the 
recommended cut-offs (Wang and Lobstein, 2006:13).  These cut-offs are useful 
for research purposes to help track and assess any changes in a specific 
80 
 
population as they provide an international standard (Wang and Lobstein, 
2006:13). 
 
In 2005, there was a deliberate movement away from the description of BMI for 
age and sex below the 95th percentile as obese due to the severity of the 
problem of childhood obesity.  It was changed to a BMI for age and sex above 
the 95th percentile as being obese and a BMI for age and sex between the 85th 
and 95th percentiles as overweight and not at risk of being overweight as 
previously stated (Krebs et al., 2007:S193).  
 
Cole et al. (2000:1245) used the data from the six countries, as mentioned above 
to develop new cut-offs.  They recognized that the countries used to define these 
new cut-offs were westernized, however within each of the countries there was a 
fair representation of populations from various ethnicities and backgrounds (Cole 
et al., 2000:1245).  The IOTF BMI cut-offs have been broadly used to evaluate 
the presence of obesity and overweight in children as well as leanness (Cole and 
Lobstein, 2012:284).  It is for these reasons that it has been recommended that 
these cut-offs be used internationally to define overweight and obesity in children 
and adolescents (Cole et al., 2000:1246).  Firstly, the adult BMI cut-offs were 
used as a point of reference and from there they were able to develop a range of 
BMI cut-offs specific to age (2 to 18) and gender which was related to parallel 
centiles that were reported in late adolescence, and then extrapolated back to 
childhood (Livingstone, 2001:110).  This was done because many of BMI studies 
produced percentile values but this method is reliant on how big the study is 
which then alters the cut-offs that they define.   
 
These internationally recognized cut-offs for BMI in children grade leanness, 
overweight and obesity were developed.  There are eight levels that are 
distinguished according to a BMI results: 
1. 16 = thinness grade 3 
2. 17 = thinness grade 2 
3. 18.5 = thinness grade 1 
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4. 23 = overweight (unofficial Asian cut-off) 
5. 25 = overweight     
6. 27 = obesity (unofficial Asian cut-off) 
7. 30 = obesity 
8. 35 = morbid obesity 
 
The cut-offs are defined in months from the age of 2 years up to 18 years (IASO, 
2012:1).  Table 7 and 8 indicate these groupings in boys and girls.  
 
Table 7: Body Mass Index Cut-Offs for Thinness, Overweight and Obesity in 
boys (IASO, 2012:1)  
Age in 
months 
Age in 
years 
16 17 18.5 23 25 27 30 35 
120 10.00 12.70 13.47 14.63 18.18 19.80 21.44 23.96 28.35 
121 10.08 12.71 13.49 14.66 18.23 19.86 21.51 24.06 28.51 
122 10.17 12.73 13.51 14.68 18.28 19.92 21.59 24.16 28.65 
123 10.25 12.74 13.53 14.71 18.32 19.97 21.66 24.25 28.8 
124 10.33 12.76 13.55 14.73 18.37 20.04 21.73 24.35 28.94 
125 10.42 12.78 13.57 14.76 18.42 20.09 21.80 24.44 29.08 
126 10.50 12.80 13.59 14.79 18.47 20.15 21.88 24.54 29.22 
127 10.58 12.81 13.61 14.82 18.52 20.21 21.95 24.63 29.35 
128 10.67 12.83 13.63 14.84 18.56 20.27 22.02 24.72 29.48 
129 10.75 12.85 13.66 14.87 18.61 20.33 22.09 24.81 29.61 
130 10.83 12.87 13.68 14.90 18.66 20.39 22.16 24.90 29.73 
131 10.92 12.89 13.70 14.93 18.71 20.45 22.23 24.98 29.86 
132 11.00 12.91 13.73 14.96 18.76 20.51 22.29 25.07 29.97 
133 11.08 12.94 13.75 14.99 18.81 20.56 22.36 25.15 30.09 
134 11.17 12.96 13.78 15.02 18.86 20.62 22.43 25.24 30.20 
135 11.25 12.98 13.80 15.05 18.91 20.68 22.50 25.32 30.31 
136 11.33 13.00 13.83 15.08 18.95 20.74 22.56 25.40 30.42 
137 11.42 13.03 13.86 15.12 19.00 20.79 22.63 25.48 30.52 
138 11.50 13.05 13.89 15.15 19.05 20.85 22.70 25.56 30.63 
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139 11.58 13.08 13.92 15.18 19.10 20.91 22.76 25.64 30.73 
140 11.67 13.10 13.94 15.22 19.15 20.97 22.83 25.72 30.83 
141 11.75 13.13 13.97 15.25 19.20 21.03 22.89 25.79 30.93 
142 11.83 13.16 14.01 15.29 19.25 21.08 22.96 25.87 31.02 
143 11.92 13.19 14.04 15.32 19.31 21.14 23.02 25.94 31.12 
144 12.00 13.21 14.07 15.36 19.36 21.20 23.09 26.02 31.21 
145  12.08  13.24  14.10  15.40  19.41  21.25  23.15  26.09  31.30  
146  12.17  13.28  14.13  15.44  19.46  21.31  23.22  26.17  31.39  
147  12.25  13.31  14.17  15.47  19.51  21.37  23.28  26.24  31.47  
148  12.33  13.34  14.20  15.51  19.56  21.43  23.34  26.31  31.56  
149  12.42  13.37  14.24  15.55  19.61  21.49  23.40  26.38  31.64  
150  12.5  13.40  14.27  15.59  19.67  21.54  23.47  26.45  31.73  
151  12.58  13.44  14.31  15.63  19.72  21.60  23.53  26.52  31.81  
152  12.67  13.47  14.34  15.67  19.77  21.66  23.60  26.59  31.89  
153  12.75  13.50  14.38  15.71  19.82  21.72  23.66  26.66  31.97  
154  12.83  13.54  14.42  15.75  19.88  21.78  23.72  26.73  32.04  
155  12.92  13.58  14.46  15.80  19.93  21.83  23.78  26.80  32.12  
 
Table 8: Body Mass Index Cut-Offs for Thinness, Overweight and Obesity in 
girls (IASO, 2012:1)  
 Age in 
months 
Age in 
years 
16 17 18.5 23 25 27 30 35 
120 10.00 12.63 13.4 14.58 18.16 19.78 21.43 23.97 28.36 
121 10.08 12.65 13.43 14.61 18.21 19.85 21.52 24.08 28.52 
122 10.17 12.67 13.46 14.64 18.27 19.92 21.6 24.19 28.68 
123 10.25 12.69 13.48 14.68 18.33 19.99 21.69 24.29 28.83 
124 10.33 12.72 13.51 14.71 18.39 20.07 21.77 24.40 28.98 
125 10.42 12.74 13.54 14.75 18.45 20.14 21.86 24.51 29.14 
126 10.50 12.77 13.57 14.78 18.51 20.21 21.95 24.62 29.28 
127 10.58 12.79 13.60 14.82 18.57 20.28 22.03 24.72 29.43 
128 10.67 12.82 13.63 14.86 18.63 20.36 22.12 24.83 29.58 
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129 10.75 12.85 13.67 14.90 18.70 20.43 22.20 24.94 29.72 
130 10.83 12.88 13.70 14.94 18.76 20.51 22.29 25.04 29.86 
131 10.92 12.91 13.74 14.98 18.82 20.58 22.38 25.15 30.00 
132 11.00 12.94 13.77 15.03 18.89 20.66 22.47 25.25 30.14 
133 11.08 12.97 13.81 15.07 18.95 20.73 22.55 25.36 30.28 
134 11.17 13.01 13.84 15.11 19.02 20.81 22.64 25.46 30.41 
135 11.25 13.04 13.88 15.16 19.09 20.89 22.73 25.57 30.54 
136 11.33 13.08 13.92 15.2 19.15 20.96 22.81 25.67 30.67 
137 11.42 13.11 13.96 15.25 19.22 21.04 22.9 25.77 30.80 
138 11.50 13.15 14.00 15.30 19.29 21.12 22.99 25.87 30.93 
139 11.58 13.18 14.04 15.35 19.36 21.20 23.08 25.98 31.05 
140 11.67 13.22 14.09 15.39 19.42 21.27 23.16 26.08 31.17 
141 11.75 13.26 14.13 15.44 19.49 21.35 23.25 26.18 31.30 
142 11.83 13.30 14.17 15.49 19.56 21.43 23.34 26.28 31.42 
143 11.92 13.34 14.22 15.54 19.63 21.51 23.42 26.38 31.54 
144 12.00 13.38 14.26 15.59 19.70 21.59 23.51 26.47 31.66 
145  12.08  13.42  14.31  15.65  19.77  21.66  23.59  26.57  31.77  
146  12.17  13.47  14.35  15.70 19.84  21.74  23.68  26.67  31.89  
147  12.25  13.51  14.40 15.75  19.91  21.82  23.76  26.76  32.00 
148  12.33  13.55  14.45  15.80  19.98  21.9  23.85  26.86  32.11  
149  12.42  13.60  14.50  15.86  20.05  21.97  23.93  26.95  32.22  
150  12.50  13.64  14.54  15.91  20.12  22.05  24.02  27.05  32.33  
151  12.58  13.69  14.59  15.96  20.19  22.12  24.10  27.14  32.43  
152  12.67  13.73  14.64  16.02  20.26  22.20  24.18  27.22  32.53  
153  12.75  13.78  14.69  16.07  20.33  22.27  24.26  27.31  32.63  
154  12.83  13.82  14.74  16.13  20.39  22.35  24.34  27.40  32.73  
155  12.92  13.87  14.79  16.18  20.46  22.42  24.42  27.49  32.82  
 
For the current study, the researcher decided to divide the eight levels into three 
groups to help simplify the results for statistical purposes.  The first three levels 
were grouped together and labeled underweight/normal, levels four and five were 
grouped together and labeled overweight and the last two levels were grouped 
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together and labeled obese.  The cut-offs were then defined numerically using 
the 10.5, 11.5 and 12.5 year old values as it was felt that the midway values were 
representative of the entire year per age.  This Table can be seen on Chapter 3.    
 
In the THUSA BANA study, the following BMI cut-offs were used (Kruger, Kruger 
and MacIntyre, 2006:354): 
» Obese: 24.0 – 29.1 kg/m-2 
» Overweight: 19.8 – 23.3 kg/m-2  
» Normal/Underweight: <19.8 kg/m-2    
These are the International Obesity Task Forces (IOTF) cut-offs from 1999.   
 
2.3.2.6 INTERNATIONAL AND NATIONAL BODY MASS INDEX 
STATISTICS 
 
Worldwide trends in BMI have changed drastically over the last twenty years, 
where the global mean BMI has amplified by 0.4 kg/m2 per 10 years for men and 
0.5 kg/m2 per 10 years for women.  In 2008 1.46 billion people in the world had a 
BMI that defined them as overweight and of those 502 million were obese, with 
more women (13.8%) being obese than men (9.8%).  Many researchers have 
suggested that the increase in BMI is becoming a pandemic and that there is a 
probability that it will decrease the length of life especially in the more wealthy 
people (Finucane, Stevens, Cowan, Danaei, Lin, Paciorek, Singh, Gutierrez, Lu, 
Bahalim, Farzadfar, Riley and Ezzati, 2011:1, 7).  In 2009 it was reported that 
12% of children in the US have a BMI that falls above the 97th percentile which 
means that these children need dramatic medical interventions.  The concern for 
childhood obesity has increased as the numbers have and because of this the 
means in which body fatness is measured and specified in children has also 
been scrutinized (Woo, 2009:405). 
 
In Southern Africa the increase from 1980 to 2008 has been 1.0 kg/m2 per 10 
years in males and 0.7 kg/m2 per 10 years in females (Finucane et al., 2011:4).  
This evidence just clarifies just how fast the rate of obesity is increasing and this 
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started in an era where there wasn’t fast foods and television as readily available 
as nowadays.  It is very scary thought as to what will happen from 2012 to 2032 
in terms of obesity, where the statistics will probably more than double.   
 
2.3.2.7 CONCLUSIONS FROM RESEARCH 
 
It has been suggested that BMI needs to be supplemented with another 
measuring tool to allow for more accurate findings (Wisniewski and Chernausek, 
2009:77-78).  BMI is a useful tool to help follow the trends of childhood obesity 
however it needs to be used with caution and it should not be used in place of 
medical diagnoses or for further classifications (Daniels et al., 2005:2000).  What 
has been deduced from this is that BMI is a very effective tool to use to 
determine whether or not children should have further and more in-depth 
evaluations of their body fatness and BMI for age should not be used on its own 
to diagnose overweight or obesity in children, especially those children who fall 
into the 85th to 94th percentiles (Freedman et al., 2009:805). 
 
BMI results obtained from testing are more accurate if the researcher conducting 
the testing is well trained and that is why self-reporting is not recommended.  BMI 
has good reliability and validity; however its accuracy is affected when individuals 
are very small or very long in stature or have an abnormal distribution of fat 
(Wang and Lobstein, 2006:12).  However BMI has a strong relationship with 
general fatness in young people and is very practical.  The strength about BMI is 
that it can be used to loosely classify children as either overweight or obese by 
only using two measurements (Wang and Lobstein, 2006:13). 
 
It has been firmly proposed that skinfold thickness be used when ascertaining 
adiposity in children (Freedman et al., 2007:183-184).  Freedman et al. (2005:6) 
agreed with this and suggested that BMI is more useful in overweight and obese 
children and less so in thinner children.  Therefore the higher the BMI the more 
precise the prediction of obesity is (Freedman et al., 2005:6).  They finally stated 
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that BMI is a useful tool to measure obesity, but has no use in normal weight and 
thin children (Freedman et al., 2005:7). 
 
More recently it has been suggested that using the WHO and the IOTF cut-offs 
simultaneously, is the best option.  However Cole and Lobstein (2012:284) 
looked at combining the two and creating a percentile description that was then 
developed into actual cut-offs.  They recommended the use of these new cut-offs 
to help ensure that future studies can accurately be compared (Cole and 
Lobstein, 2012:293).   
 
BMI has become accepted as the most universal measure to determine 
overweight and obesity, even with all its limitations it has been found that other 
methods present complications that BMI does not and there is very little 
reference data available to compare results to in other measures (De Onis and 
Lobstein, 2010:458).  It is for this reason that BMI-for-age is a viable tool to use 
in children and adolescents. 
 
Table 9 summarises the results from literature on body fatness using body mass 
index. 
 
Table 9: Body fatness trends from literature defined by body mass index  
# Author/s Measure Age & 
Gender 
Overweight 
% 
Obese 
% 
Country 
1. Woo (2009) BMI Children  12% USA 
2. Finucane et 
al. (2008) 
BMI Adult 
Female 
 13.8% World 
3. Finucane et 
al. (2008) 
BMI Adult  
Male 
 9.8% World 
4. Ross and 
Scott 
(2006) 
BMI 2-5; both  10.3% USA 
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2.3.3 WAIST-TO-HIP RATIO 
 
2.3.3.1 DEFINITION OF WAIST-TO-HIP RATIO 
 
Waist-to-hip ratio can be defined as the result one obtains from dividing a waist 
circumference by a hip circumference (Stephens, 2011:1).  It has been widely 
utilised to recognize central fatness in people.  The exact location of both 
measurements are stated in the following manner: the waist circumference is 
found at the smallest circumference that is present equidistant from the bottom of 
the rib cage and the top of the iliac crest; the hip circumference is found at the 
biggest projection of the buttock.  The ratio is then calculated as mentioned 
above (Wang and Lobstein, 2006:12).    
 
2.3.3.2 REVIEW OF RESEARCH PERTAINING TO WAIST-TO-HIP RATIO IN 
CHILDREN AND ADOLESCENTS 
 
Waist-to-hip ratio is often used as a secondary means of determining lower and 
upper body fat distribution.  Upper body fatness is linked to an increased risk for 
cardiovascular and metabolic diseases (Heyward and Wagner, 2004:77).  
Research has shown that high levels of adiposity around the waist area are 
indicative of the fatness of the tissue surrounding the heart and therefore there is 
a higher the risk for the development of cardiovascular disease and even death 
(Stephens, 2011:1). 
 
Professor Tim Cole (2012a:1) agreed that waist-to-hip ratio has been suggested 
as a useful tool in the classification of obesity.  He suggested that in children 
dividing the waist circumference by the hip circumference may make the waist 
circumference more reliable than when used on its own.   
 
Waist circumference is a clear indicator of health risks in children, and it has 
been recommended in many studies on children and adolescents (Bratberg, 
Nilsen, Holmen and Vatten, 2007:54).  Waist circumference is less affected by 
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certain variables, for example gender, race and maturation than other 
anthropometric measures (Bratberg et al., 2007:54). 
 
Metabolic syndrome is present when there is an elevated waist circumference, 
increased blood pressure, high glucose levels and dyslipidemia therefore 
metabolic syndrome is closely linked to cardiovascular and metabolic diseases.  
(Barzin, Hosseinpanah, Fekri and Azizi, 2011:722).  Even though waist 
circumference is important when examining childhood obesity, this study showed 
that it does not need to replace or be used at the same time as BMI, as its 
importance lies in predicting metabolic syndrome (Barzin et al., 2011:726). 
 
On the contrary, a longitudinal study showed that waist circumference is more 
useful in children then BMI is at predicting the risks of developing cardiovascular 
disease and diabetes later on in life.  Waist circumference is more indicative of 
central adiposity and differentiates between fat mass and fat free mass which is 
more than BMI can achieve (Diabetes News, 2011:2).  These suggestions need 
to be backed-up by more research, as more has been conducted on BMI. 
 
There are different gender specific changes that occur in the waist circumference 
as seen in boys who reach puberty and have an increase in their waist 
circumference and a decrease in adipose tissue on the arms and legs and 
around the hips (Wisniewski and Chernausek, 2009:78).  There are no 
international cut-offs for waist circumference in children but it has generally been 
accepted that if the abdominal circumference is above the 75th percentile, then 
the individual is categorized as obese (Kelishadi, 2007:63).  However due to the 
changes there is a suggestion that cut-offs for children would need to be gender 
and age specific.  
 
2.3.3.3 ESTABLISHED WAIST-TO-HIP RATIO CUT-OFFS 
 
There are clear cut-offs for adults, but the problem with using these for children is 
the same that exists when using adult BMI cut-offs for children.  As children 
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grow, so too do their circumferences (as mentioned above).  Therefore the ratio 
would have to be age specific as seen with the newest BMI cut-offs for children.  
This can only be done with the use of normative data, which would have to be 
conducted on a very large scale to make them valid and not many studies have 
ever focused on waist-to-hip ratio in children (Cole, 2012a:1).   
 
2.3.3.3.1 ESTABLISHED WAIST-TO-HIP RATIO CUT-OFFS FOR ADULTS 
 
Adult females who have a ratio of 0.85 or higher are at a high risk of developing 
obesity and the comorbidities associated with it and adult males with a ratio 
above 1.0 are the same (Stephens, 2011:1). 
 
2.3.3.3.2 ESTABLISHED WAIST-TO-HIP RATIO CUT-OFFS FOR CHILDREN 
 
It has been indicated earlier that both circumferences of the hip and waist are 
simple to obtain and require inexpensive equipment to conduct.  There is very 
little room for error and the results have high reliability and validity.  The problem 
with waist-to-hip ratio is that there are no cut-offs that have been produced to 
determine levels of overweight and obesity in children and adolescents.  Both 
measures are very dependent on age and should be used with caution in 
children and adolescents (Wang and Lobstein, 2006:12).    
 
2.3.3.4 LIMITATIONS WHEN USING WAIST-TO-HIP RATIO TO DEFINE 
BODY FATNESS 
 
Although waist-to-hip ratio has its uses, it also has its limitations and the most 
important limitation is that waist-to-hip ratio is not a viable means to evaluate fat 
distribution in children and adolescents (Heyward and Wagner, 2004:77).  Adding 
to this, there are no documented norms that can classify adolescents as obese or 
not according to the waist-to-hip ratio.  Most data for waist-to-hip ratio exists in 
males and females aged 18 to 74 years of age.  Cole (2012a:1) agreed with 
these statements stating it was the biggest restriction.  Barzin et al. (2011:722) 
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suggested that the reason for this is that with children the waist circumference is 
not a common measure used in studies, even though it is such a good forecaster 
of obesity and comorbidities.  Therefore there is no data that could be used to 
develop the cut-offs. 
 
A very restrictive limitation to the use of waist circumference in children is that the 
centralization of fat only happens during and after puberty so before that a child’s 
waist circumference would not have any value as it only reflects general fat but 
nothing specific.  In boys waist circumference also tends to reflect fat free mass 
as they tend to slim down around the waist when they reach puberty (Cameron, 
Jones, Griffiths, Norris and Pettifor, 2009:1069).  Therefore whether or not the 
child has reached puberty or not plays an important role in the relevance placed 
on waist circumference. 
 
2.3.3.5 CONCLUSIONS FROM RESEARCH 
 
As stated above, puberty plays a vital role in whether there is any value in 
commenting on waist circumference, and due to the fact that many of the 
subjects in the current study hadn’t reached puberty yet, it was decided that this 
factor would not be analysed.  It was also not one of the original objectives and 
the aim of this study was not to identify the risk of comorbidities, which is the 
more specific use of waist circumference measurements.  The current study set 
out to measure waist-to-hip ratio, however in view of the lack of appropriate cut-
offs to assess overweight and obesity levels in children and adolescents, it was 
decided that the researcher would rather look at the correlation between obesity 
(defined by BMI and percentage BF) and what was reported as the waist-to-hip 
ratio to see if the higher the waist-to-hip ratio, the higher the adiposity.  These 
results are reported on in chapter 3.  
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2.4 FACTORS ASSOCIATED WITH BODY FATNESS AND OBESITY  
 
2.4.1 SOCIOECONOMIC STATUS AND QUINTILES  
 
2.4.1.1 DEFINITION OF SOCIOECONOMIC STATUS AND QUINTILES 
 
Socioeconomic status has a large influence on the levels of obesity reported in 
certain areas and that is why it needs to be examined.  In South Africa, a 
convenient way to define socioeconomic status is by the use of the quintile 
system allocated to schools.  These two terms are defined more clearly below. 
 
The CDC (2011:1) defined socioeconomic status as  
[it is] a composite measure that typically incorporates economic, 
social, and work status.  Economic status is measured by income [,] 
social status is measured by education, and work status is 
measured by occupation.  Each status is considered an indicator.  
These three indicators are related but do not overlap. 
 
Another more comprehensive description of socioeconomic status is 
[it] is the measure of the influence that the social environment has 
on individuals, families, communities, and schools.  In many ways 
socioeconomic status is related to the concept of social class.  
Socioeconomic status classifications are established in an effort to 
find the means of identifying and changing inequalities.  In addition, 
social class has economic differences as a primary influence 
(Brogan, 2009:1). 
 
The general definition of quintiles are 
Any of the four values that divide the items of a frequency 
distribution into five classes with each containing one fifth of the 
population, also described as any one of five classes (Merriam-
Webster Dictionary, 2012:1). 
 
2.4.1.2 REVIEW OF RESEARCH PERTAINING TO SOCIOECONOMIC 
STATUS IN CHILDREN AND ADOLESCENTS 
 
The relationship between socioeconomic status and obesity is a very 
complicated one and it has been found that majority of factors associated with 
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obesity are exacerbated by a low socioeconomic status, as these people have 
limited contact with secure play areas and their diets are made up of more 
affordable and less healthy foods (Spruijt-Metz, 2011:132).  There is an 
expectancy that the levels of obesity will start to drastically increase more in the 
lower socioeconomic status groups (Kimani-Murage, Kahn, Pettifor, Tollman, 
Klipstein-Grobusch and Norris, 2011:1114).  This increase in obesity is linked to 
the growth in chronic diseases, which in turn exacerbates the disease burden on 
countries involved.   When looking specifically at the lower socioeconomic status 
group, Kimani-Murage et al. (2011:1114) found that the incidence of overweight 
and obesity combined was extremely high in adolescent girls, and it reached a 
maximum of 25% at an age of 18 years.  This was accompanied by high levels of 
central adiposity that only increase as the individual ages and matures (Kimani-
Murage et al., 2011:1114).  Even with these differences, obesity is increasingly 
becoming a public health concern in all levels of socioeconomic status.  A further 
study that showed that the lower the socioeconomic status, the higher the BMI 
and there is a particular acceleration of weight gain through adulthood (Ali and 
Crowther, 2009:82).  Another factor associated with poorer communities is that 
they are not aware of or not educated on foods required for a healthy diet (Ziraba 
et al., 2009:2).   
 
Ziraba et al. (2009:2) and Walker et al. (2001:371) agreed that the health care 
available to the poorer communities it affected by the lack of man power and 
those trained health professionals that are there, are so inundated by urgent 
cases that need to be treated, that they have insufficient time to address the 
problem of obesity and overweight.  The cost of the treatment needed is also 
excessive and not afforded by many individuals that may desperately need it 
(Walker et al., 2001:371).               
 
Another concern about obesity and socioeconomic status is that in some cultures 
being overweight is a sign of being rich and therefore parents and children alike 
aim to be overweight (Spruijt-Metz, 2011:132).  On the other hand, it has been 
noted that people from westernized countries who live in the more rural 
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communities that have a reduced earning power are at an increased risk of 
developing obesity (Spruijt-Metz, 2011:132).  In the past being overweight was 
linked to overindulgence, but this has changed as being overweight is more 
strongly associated with what food types are available to eat, not having secure 
places to be physically active and not having access to sufficient medical 
treatment (Spruijt-Metz, 2011:132).   
 
Obesity has become a prevalent feature among populations with similar genetics, 
socioeconomic statuses and cultures (Ali and Crowther, 2009:82).  Wang and 
Lobstein (2006:11) suggested that socioeconomic status and ethnicity can affect 
overweight and obesity prevalence among adults and children, and these 
influences vary according to the economic context of each individual.  For 
example, in middle-income countries, members of better-off households are 
more likely to be at risk of having a high adiposity compared with members of 
poorer households, and urban residents may be more at risk than rural ones 
(Wang and Lobstein, 2006:11).  It could be suggested that this is due to the fact 
that the children in the wealthier households have more access to high fat foods, 
such as take aways, and perhaps both parents are working and therefore don’t 
necessarily have the time or energy to prepare wholesome cooked meals for 
their children and are forced to use ‘convenient’ food that is ‘quick and easy’ to 
prepare.  As far as urban children are concerned, a similar synopsis can be 
made that due to location these children have more access to facilities that 
supply such high-fat foods.   
 
When looking at the socioeconomic status of a South African population, the 
results showed that the more wealthy the child (the higher the quintile and the 
more affluent the area that the individual lives in – urban vs. rural) the higher the 
risk for overweight and obesity, with these results being seen across races and 
genders (Reddy et al., 2012:264).  It has also been found in South Africa that in 
terms of education, the more educated a female is the more likely she is to be 
overweight and obese, with the converse correct for the less educated females.  
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A possible explanation for this is that there are advanced levels of manual labour 
in the less educated population (Ali and Crowther, 2009:82).   
 
The THUSA BANA study looked at the different socioeconomic classes in South 
Africa according to the different races and found that the white children were 
found to be from a more affluent background, with their parents earning higher 
incomes, so the children were more sedentary, closer to the outlets and shops 
selling the fatty foods, and because they are restricted by their preferred mode of 
transport being motor cars, they are less likely to take part in activities that 
require traveling (Kruger et al., 2006:357).  There was a clear link between the 
size of the family and the levels of obesity, where the bigger the families, the 
smaller the children as there are far more mouths to feed (Kruger et al., 
2006:357). 
   
A study conducted on children in America, Russia and China proved that the 
higher the socioeconomic status in China and Russia the more likely those 
children were to be obese, whereas in America, the opposite was true where the 
lower the socioeconomic status the higher the obesity risk.  Obesity proved to be 
the most common in urban China and rural Russia (Wang, 2001:1129).  The 
differences in the levels of obesity that are present in different countries across 
the world could possibly be due to the fact that different countries are at different 
levels of development and therefore the socioeconomic status of each country is 
at a different phase.  The content of each country in terms of how many people 
make up the low, middle and high socioeconomic status respectively also affects 
the levels of obesity. 
 
This clearly shows that obesity is a concern across all socioeconomic classes 
and needs to be addressed on a nationwide scale. 
 
 
 
 
95 
 
2.4.1.3 SOCIOECONOMIC STATUS AND MATURATION 
 
Maturation occurs differently in boys and girls, so therefore the effect of 
socioeconomic status on maturation is also different.  These differences are 
discussed below. 
 
2.4.1.3.1 SOCIOECONOMIC STATUS AND GRIP STRENGTH 
 
Henneberg, Brush and Harrison (2001:62) looked at differences in certain 
anthropometrical data between children that live in higher and lower 
socioeconomic climates.  The results showed that tricep skinfold thickness and 
grip strength of both hands was higher in participants from higher socioeconomic 
status and this was apparent in all age groups.  Grip strength showed to increase 
with age and was notably lower in the individuals from the lower socioeconomic 
status, both during and after puberty (Henneberg et al., 2001:62).  These results 
were attributed to the fact that the speed of neuromuscular reaction is less in the 
lower socioeconomic status participants, and therefore the distinction in 
neuromuscular control of strength is the reason for their findings (Henneberg et 
al., 2001:62). 
 
2.4.1.3.2 SOCIOECONOMIC STATUS AND MENARCHE 
 
Figure 3 is an extract from the research of Parent, Teilmann, Juul, Skakkebaek, 
Toppari, and Bourguignon (2003:671) which indicates that there are definite 
differences in the age at onset of menarche between the different socioeconomic 
classes.  This was presented in South Africa, and it concluded that the lower the 
socioeconomic status the older the age at which the individual reached 
menarche. 
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Figure 3:  Average (mean or median) menarcheal age in 
different developing countries (Parent, Teilmann, Juul, 
Skakkebaek, Toppari, and Bourguignon, 2003:671)  
 
2.4.1.4 REVIEW OF RESEARCH PERTAINING TO QUINTILES IN 
CHILDREN AND  ADOLESCENTS ATTENDING SOUTH AFRICAN 
SCHOOLS 
 
In South Africa, quintiles are used to classify schools into categories that range 
from Quintile 1 (Q1) being the poorest schools and Quintile 5 (Q5) as the least 
poor schools (Kanjee and Chudgar, 2009:4).  The reason for this classification is 
that it allows the Education Department to allocate funds to the schools based on 
their needs (Equal Education, 2012:1).  The needs are calculated according to 
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the schools income, which when simplified means whether or not the school fees 
are being paid by the parents.  It is presumed that if the parents are not paying 
school fees then the participants come from a ‘more poor’ background.  Kanjee 
and Chudgar (2009:4) stated that the quintile score a school is categorised into is 
based on national consensus data for each schools catchment area, which is 
defined by the schools income, the unemployment rate in the area surrounding 
the schools and the level of literacy.  The schools are given a certain amount per 
child per year and they are given food to help feed the children and therefore the 
‘less poor’ the school, the less money allocated to them by the Education 
Department and vice versa (Equal Education, 2012:1).   
 
What research has shown is that quintiles are accurate at recognizing schools 
that belong to the two extreme quintiles, namely Q1 and Q5, but the schools in 
between are misclassified and are not fairly funded.  It has been suggested that 
in the future a new system needs to be developed, but for the time being if they 
are used in research, Q1, Q2 and Q3 should be grouped together (Kanjee and 
Chudgar, 2009:18).   
 
The latest data shows 2012 funding allocation for the individual quintiles (Equal 
Education, 2012:1): 
• Q1: these schools receive R 960.00 per child annually 
• Q2: these schools receive R 880.00 per child annually 
• Q3: these schools receive R 880.00 per child annually 
• Q4: these schools receive R 480.00 per child annually 
• Q5: these schools receive R 165.00 per child annually 
 
Table 10 indicates how funds from the government were allocated to the different 
quintile schools (these figures show per child):  
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Table 10: Funding allocated to schools per child according to their quintile 
score from 2006 to 2008 (Kanjee and Chudgar, 2009:5)   
Quintile % Allocation 2006 2007 2008 
Q1 30 R 703.00 R 738.00 R 775.00 
Q2 27.5 R 645.00 R 677.00 R 711.00 
Q3 22.5 R 527.00 R 554.00 R 581.00 
Q4 15 R 352.00 R 369.00 R 388.00 
Q5 5 R 117.00 R 123.00 R 129.00 
 
2.4.1.5 LIMITATIONS WHEN USING THE QUINTILE CLASSIFICATION 
SYSTEM TO DEFINE SOCIOECONOMIC STATUS 
 
The quintile system has recently come under scrutiny due to the fact that it has 
shown a lack in effectiveness at categorizing schools (Kanjee and Chudgar, 
2009:3-4).  It has shown to be very flawed and is in the process of being re-
examined and there is a large effort to have the whole classification removed.  
This has been suggested because of three very pertinent points (Equal 
Education, 2012:1): 
1. This system of classification involves a large amount of bureaucracy and 
the money should be used for education itself; 
2. Schools are often classified incorrectly – it has been suggested that some 
schools report lower incomes so that they can be classified in a lower 
quintile and therefore receive more funding from the Education 
Department; 
3. Most of the schools in Q1-Q3 and sometimes often Q4 are in reality in 
very similar situations and Q5 schools which are often the previous Model 
C schools, are in a far better position financially. 
 
So from this it can be deduced that the genuinely poor schools of the quintile 
system are at a disadvantage as they don’t receive enough funding because the 
money still needs to be allocated to the less poor schools when in reality they 
need it the most.  However, some of the schools are trying to get a lower quintile 
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score so that their government funding can increase (Equal Education, 2012:1).  
When in reality, the funding needs to go to education in general.  The suggestion 
is that a new system be developed and simplified down to fee-paying and no-fee 
paying schools as 60% of all schools are actually no-fee paying schools.  If this 
system is implemented then the schools in need will get more funding (Equal 
Education, 2012:1). 
 
2.4.1.6 SOUTH AFRICAN SOCIOECONOMIC STATUS STATISTICS 
 
When looking at the African continent, excluding South Africa specifically, it is 
estimated that 20 to 50% of the urban populations are overweight or obese and it 
has been predicted that in 2025, 75% of the worldwide populations that are 
overweight or obese will be in the developing countries (Ziraba, Fotso and 
Ochako, 2009:2).  With the movement towards a more urbanized population, and 
an increase in the earning power of the general people, there comes an increase 
in the eating of high fat foods and a decrease in physically demanding jobs which 
means that the energy intake is higher than the expenditure which can lead to 
people being overweight and obese (Ziraba et al., 2009:2).  In other parts of the 
world in developing countries, it has been reported that the lower the 
socioeconomic status the more predisposed the population is to becoming 
obese, however in Africa this relationship is the opposite way around, where the 
higher the socioeconomic status, the more likely the individual is going to be 
overweight or obese (Ziraba et al., 2009:2).   
 
The increase of urbanization in Africa is shown by the numbers which reported 
that in 1950 only 15% of the entire continent was urbanized, compared to the 
projections for 2030 being at more than 50% of the entire population.  Another 
important factor is that the speed with which developing countries are being 
urbanized places a large portion of its community into a poor category with 
limited access to society around them, however there is still relatively easy 
access to very cheap high fat foods (Ziraba et al., 2009:2).  Because, historically, 
certain ethnic groups that are part of this transition, are not genetically built to 
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cope with these types of foods they tend to have elevated BMI scores compared 
to their rural counterparts as well as the populations that have been urbanized for 
longer (Ziraba et al., 2009:2). 
 
2.4.1.7 CONCLUSIONS FROM RESEARCH 
 
For socioeconomic status to be accurately reported on there are many questions 
that need to be asked, for example the qualification and employment levels of 
parents, household income, what appliances are present in the home and 
location of the family home (Higgs, 2002:5-14).   
 
Judging from the literature, the accurate assessment of socioeconomic status 
requires extensive information which if not the main focus of the study, is difficult 
to assess with a limited number of questions and time.  Hence the limitation 
should be acknowledged when interpreting the current study’s results.  However, 
the quintile classification system for categorising schools is a usable alternative 
measure of socioeconomic status if the reported flaws are accounted for by 
grouping Q1, Q2 and Q3 together and Q4 and Q5 together.   
 
2.4.2 PHYSICAL ACTIVITY 
 
2.4.2.1 DEFINITION OF PHYSICAL ACTIVITY 
 
Physical activity is the movement of the human body that is made possible by 
skeletal muscles and these actions expend energy (Hands et al., 2004:18). 
 
Krebs et al. (2007:S193) defined physical activity as 
any bodily movement produced by the contraction of skeletal 
muscles that increases energy expenditure above the basal level. 
It therefore includes free play, specific sports and general everyday actions 
(Krebs et al., 2007:S193).  
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2.4.2.2 REVIEW OF RESEARCH PERTAINING TO PHYSICAL ACTIVITY IN 
CHILDREN AND ADOLESCENTS 
 
Using BMI, skinfolds and physical fitness tests, research has shown that it is able 
to report on the incidence of obesity and the relationship between this pandemic 
and physical activity.  The results show that one out of every five children aged 
between 9 and 12 years in South Africa, are shown to be overweight or obese, 
with the risk in females being twice as high as that in boys (Truter et al., 
2010:227).  When there is an increase in BMI, there is a decrease in leg strength 
and the aerobic capabilities of muscle strength in general as well as 
cardiovascular stamina.  It was recommended that the amount of physical activity 
adolescents take part in needs to increase and there needs to be an 
improvement in quality of life so that there will be a decrease in the risk of early 
adulthood mortality (Truter et al., 2010:227). 
 
Lobstein et al. (2004:4) emphasized the importance of physical activity and how 
sedentary behaviour in children has greatly contributed to the increase in obesity 
among young people.  Energy expenditure, like energy intake, is an important 
factor in the development of or protection against obesity.  Studies of energy 
expenditure may measure direct energy output using calorimetric methods, or 
may measure the incidence or prevalence of specific physical activities as 
indicators of raised energy expenditure, or may measure levels of inactivity, or 
sedentary behaviour, as indicators of low energy expenditure (Lobstein et al., 
2004:4).   
 
Some data suggests that reduced walking and cycling behaviour between the 
1980s and 1990s, among children in the UK and USA, along with increasing use 
of cars has contributed greatly to the epidemic.  In the UK, children appear to 
become less active as they get older, and show decreases in activity levels 
during adolescence, starting earlier in girls than in boys (Lobstein et al., 2004:4).   
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There is a link between physical activity and obesity as well as a link between 
sedentary parents and their children’s physical activity levels and it is hard for 
children to break this cycle.  Therefore if low levels of activity are coupled with 
the variances in modern day diets, it is inevitable that children will become obese 
(Livingstone, 2001:113).  Carlson, Crespo, Sallis, Patterson and Elder (2012:110) 
examined the relationship between physical activity and its propensity for obesity 
in children and found that the more overweight and obese the children, the less 
activity they participated in and more time were spent in inactivity, including 
television viewing.  The less time spent being inactive was associated with a 
decrease in the total body fat percentage.  It was also suggested that future 
studies need to include body fat percentage to insure accuracy of associations 
placed on behaviours (Carlson et al., 2012:110).   
 
The effects of changes in eating habits and environments on childhood obesity 
are compounded by a decrease in physical activity.  More than one third of high 
school students do not participate in strenuous physical activity on a regular 
basis (Harper, 2006:288).  Many factors, including lowered physical education 
requirements in schools, contribute to this decline in physical activity (Harper, 
2006:288).     
 
In terms of physical activity, research has shown that children and adolescents 
are more likely to be physically active if their parents are involved or promote the 
child taking part and the gender of the parent in relation to that of the child also 
has a striking effect on the outcome of the activity levels (Wisniewski and 
Chernausek, 2009:79). 
 
Results from a South African study mainly focusing on rural areas, have shown 
that in general the activity levels of the children are greater over the weekends 
than on weekdays.  Boys showed higher levels of physical activity then girls.  The 
decrease in the levels of physical activity during the week was attributed to a lack 
of involvement in school organized activities or sports, which meant there was 
more television viewing in the week (Kruger et al., 2006:356).  There was a clear 
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correlation between physical activity and the overweight and obese children, as 
they showed the lowest levels of physical activity out of the entire group, which 
supports the worldwide research findings and clearly affirms that any intervention 
programs need to incorporate forms of physical activity to be successful.  In the 
average adolescent, physical activity levels are supposed to reach their peak at 
ages 13 to 14 years, and slowly decrease there after (Kruger et al., 2006:356).  
Livingstone (2001:112) earlier also made a similar statement indicating that the 
most sedentary time in a child’s life is just before they reach puberty, and if this is 
severe, it is very likely to become habitual in adulthood (Livingstone, 2001:112). 
 
The highest levels of activity are present in those households whose main 
earners were domestic or contract workers (Kruger et al., 2006:357).  If the levels 
of physical activity are low, the individual is more predisposed to becoming 
overweight or obese, and this creates a condition, which in adulthood is harder to 
treat and cure.  This contributes to the difficulties associated with being obese, 
that when the individual decides to do something about their condition, they 
struggle to become healthier as physical activity is not part of their normal day to 
day routine and the fight is an uphill battle. This has a very negative effect on the 
individual as they can easily and often do become very demotivated. 
 
When a lifestyle is dominated by very little physical exertion and there is 
overindulgence in laziness, children are more prone to developing obesity and 
becoming overweight.  Interestingly BMI and physical activity are inversely 
connected in girls (Ebbeling, Pawlak and Ludwig, 2002:475).    
 
In the past, studies place physical activity into a category that is intense in 
nature, and fail to consider other forms of activity such as walking to school and 
the opportunities available to participate in any form of activities.  Therefore it 
should not be simplified too greatly and should be considered as a more multi-
dimensional and changing component (Livingstone, 2001:112-113).  Therefore it 
is as important to assess less intense and more temperate levels of physical 
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activity, which may increase how much energy is actually spent as long as it is 
habitual in nature (Livingstone, 2001:113).   
 
A study conducted in Swedish children showed that generally moderate levels of 
physical activity were adversely related to levels of obesity, however low levels 
and vigorous activity was strongly associated with higher levels of body fatness 
and central adiposity (Ortega, Ruiz and Sjöström, 2007:1, 8).  The other two 
most influential factors were the amount of time spent in front of the television 
(more than two hours per day) as well as birth weight.  Interestingly the risks 
were similar for age and gender which shows how serious the issue is (Ortega et 
al., 2007:8). 
 
Internationally it has been suggested that children should take part in physical 
activity lasting anywhere from half an hour to an hour every day, which can be 
provided by physical education classes (Naidoo, Coopoo, Lambert and Draper, 
2009:8).  
 
Studies have deduced from their results that all children of a school-going age 
need to partake in at least 1 hour of physical activity a day and this activity needs 
to be suitable for different ages and it needs to be motivational and fun (Davis, 
Gance-Cleveland, Hassink, Johnson, Paradis and Resnicow, 2007:S235).  It has 
been shown that the communal encouragement is a strong factor that enhances 
the attractiveness of taking part in physical activities.  Therefore if a child is not 
supported and they are overlooked, they are at a higher risk of developing 
obesity in their younger and later years (Ebbeling, Pawlak and Ludwig, 
2002:476).    
 
2.4.2.3 BENEFITS OF BEING PHYSICALLY ACTIVE 
 
A lot of the diseases associated with obesity in children, can be remedied and 
reversed by an increase in physical activity as the physical fitness of overweight 
and obese children is negatively affected by their weight.  This leads to the 
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conclusion that this pandemic needs to be addressed and serious action needs 
to be taken to put strategies in place to prevent the increase of this condition 
(Truter et al., 2010:228).  Therefore, physical activity plays an integral role in the 
intervention of childhood obesity.   
 
It has been argued that due to the effect that physical activity has on burning 
calories and tilting the energy balance in a positive direction, it means that it has 
more control over body fatness than diet control does (Blundell and Cooling, 
2000:S33).   Physical activity and general fitness are very important components 
that have as much a positive effect on health and that sedentary behaviour has a 
negative one.  The benefits of being active and fit are well known and children 
that incorporate this into their lives show better cardiovascular conditioning, bone 
wellbeing, good self-image, healthy weight statuses, good stress coping 
mechanisms and lower blood pressure when compared to their more sedentary 
counterparts (Ullrich-French, Power, Daratha, Bindler and Steele, 2010:1189).  
Bailey (2006:397) also found that physical activity is very important for the 
development of many facets of a maturing child.  These facets are physical, 
lifestyle, psychological, social and cognitive in nature and physical activity has a 
positive influence on all of them.  It is because of this that physical education 
needs to be reintroduced into schools and made a permanent part of the 
curriculum. 
 
A factor that showed a very strong link to reducing obesity was the reduction of 
blood pressure, which can be done with regular physical activity, a decrease in 
the amount of time spent in inactivity (including television viewing), a nutritional 
programme that has a low salt content, but has a high intake of vegetables, fruit, 
fiber and diary and that has a decreased fat content (Ullrich-French et al., 
2010:1193-1194). 
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2.4.2.4 REASONS FOR NOT TAKING PART IN PHYSICAL ACTIVITY 
 
Proposed reasons for not taking part in physical activity are feelings of being 
unsafe, having limited access to the necessary equipment needed for the 
activities and some adolescents have no specific reasons for not taking part in 
physical activities.  One of the commonly reported reasons was that the learners 
watch television or play games on their computers for periods of 3 hours or more 
every day, with as many as 29.3% of learners doing this (Reddy et al., 2010:45).  
The Eastern Cape has shown the lowest levels of this television watching and 
electronic game playing (Reddy et al., 2010:45).  Further reasons for sedentary 
behaviour in adolescents are in addition to television viewing, computer and 
video games, are the parents work commitments, the amount of time spent in 
traffic on a daily basis, parental paranoia about kidnappings and the general lack 
of physical education classes instruction at most schools (Livingstone, 
2001:112).   
 
Hands et al. (2004:59) reported the following reasons for children not 
participating in physical activity:  
• They think they are already taking part in enough activity; 
• They feel that there is no one to accompany them on their activities; 
• They would prefer to watch television; 
• They don’t think that they have any physical activity skills; 
• They don’t like the way they feel when they exercise. 
 
In adults, the shift away from high levels of physical activity can be attributed to 
many factors, however the most prominent is that the general population has 
jobs that require sitting behind a desk and they have moved away from jobs that 
are labour intensive, such as farming and forestry (Popkin, 2003:588).  Due to 
these changes, there is less energy burnt during the working day.  Other factors 
are that most families own cars and no longer walk and people are more 
sedentary during their free time (Popkin, 2003:588).  Studies have clearly 
showed the likely hood of becoming obese and overweight are 80% higher if the 
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family owned a car compared to those that have to walk and use public transport 
and with television watching becoming a preferred method of relaxing, the activity 
levels during people’s leisure time has shifted radically (Popkin, 2003:589). 
 
Obesity also has a negative effect on the motor abilities and endurance 
capabilities of children, and this could be due to the fact that obese children are 
assumed to be generally less active than normal weight children, and so there is 
less opportunity for their skills to develop (Graf, Koch, Kretschmann-Kandel, 
Falkowski, Christ, Coburger, Lehmacher, Bjarnason-Wehrens, Platen, Tokarski, 
Predel and Dordel, 2004:25).  This has been confirmed in a study that showed 
that the more television a child watches, the higher their BMI, which also leads to 
less developed motor skills and therefore if television viewing is reduced then it 
will help to prevent obesity developing further (Graf et al., 2004:25).  It is because 
of this that the importance of leading an active lifestyle needs to be promoted at a 
young age to prevent risks later on (Graf et al., 2004:26). 
 
Another very worrying factor that has contributed to the obesity epidemic in 
children is the drastic changes that have occurred in physical education over the 
last four decades, where there has been a shift from a specific sports skill focus 
to a more general healthy lifestyle and participation in sports focus that needs to 
be maintained over a life time.  Internationally there has been a decrease in 
physical education classes at both junior and senior primary school levels, some 
even to the extent where they no longer exist (Edginton, Chin, Amusa and 
Toriola, 2012:434).  The benefits regarding physical education are about 
independence, creativity, problem solving, analysis and flexibility, which all make 
physical education an imperative part of the school curriculum.  The issue comes 
in where the benefits of physical education have been overlooked and no longer 
finds importance in the needs of learners (Edginton et al., 2012:435).  With the 
latest numbers for childhood obesity clearly indicating that it is becoming a 
worldwide epidemic, the need to obtain an aptitude to accomplish a healthy 
routine has become just as essential as learning to read and write (Edginton et 
al., 2012:435).  The reason why this needs to happen at school is because 
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research has shown that the habits people develop in their childhood will 
accompany them for the rest of their lives, therefore negative habits need to be 
broken, if not avoided as soon as possible. (Edginton et al., 2012:435).  The 
interventions that have been developed worldwide all contain some form of 
physical activity, aiding in helping the children to develop healthier choices 
(Edginton et al., 2012:435)  therefore choosing to go outside and run around 
versus the choice to sit and watch television. 
 
2.4.2.5 PHYSICAL ACTIVITY IN A SOUTH AFRICAN CONTEXT 
 
In South Africa there has been a vast electrification of households, which means 
a decrease in the levels of physical activity that the adolescents are taking part 
in.  This is due to television viewing coupled with the eating of unwholesome 
foods as is seen in the adverts that the adolescents are more exposed to.  
Therefore the more television they watch, the more likely they are to have an 
unhealthy diet (Kimani-Murage et al., 2010:11). 
 
In South Africa there are also varying differences in ethnicity that play an integral 
part in the presence of physical activity.  There are immensely different living 
conditions existing within kilometers of one another.  Due to these factors, 
physical education in schools draws attention to severe disparities due to the fact 
that there is a great dependence on the facilities available, the qualifications of 
the educators, the effectiveness of the programs developed and the importance 
placed on it by the school itself (Edginton et al., 2012:436).     
 
South Africa presents a unique situation where physical activity is concerned as 
both malnutrition and overnutrition coexist, so intervention programs need to be 
carefully considered so as not to exacerbate the malnutrition issue (Edginton et 
al., 2012:436).  Because of this, it is very clear that the South African government 
needs to reimplement physical education back into the school curriculum 
(Edginton et al., 2012:436).  The GOFPEP 2010 Consensus Statement has been 
received worldwide and it offered multi-faceted advice to aid in bettering the 
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whole issue on physical education.  The statement suggested the incorporation 
of healthy lifestyles and physical activity into schools to assist in curbing the 
growing numbers of obese children and adults (Edginton et al., 2012:440). 
 
Edginton et al. (2012:436) and Armstrong, Lambert and Lambert (2011:999) 
have reported that a generally sedentary lifestyle during childhood years 
contributes to non-communicable disease and obesity in adulthood.  The solution 
to this problem is to identify threatening behaviours that could result in this 
scenario.  On the same premise, it has been reported that if an adult is active, 
this behaviour can be traced back to an active childhood (Armstrong et al., 
2011:999).  South Africa is not so easily defined due to the varied socioeconomic 
statuses and ethnicities, where majority of the white children are present in the 
wealthier socioeconomic status when compared to the rest.  Another influential 
factor has been proven continuously that different ethnic groups have differing 
body compositions and frequency of overweight and obesity (Armstrong et al., 
2011:999-1000).  There are also varying physical activity routines observed 
between the different racial groups, which are especially apparent in the amount 
of time spent getting to and from school each day.  On the other hand, white 
children were more active in organized sports than the other races (Armstrong et 
al., 2011:1000). 
 
Results of a study that looked at baseline fitness of South African children across 
races and ages showed little difference between the BMI of the different races.  
The black children were the least fit and the white children were the most fit, with 
flexibility being similar for all ethnic groups (Armstrong et al., 2011:1012) but in 
general the results showed that physical education needs to be reintroduced into 
schools as a matter of urgency, especially for black children (Armstrong et al., 
2011:1015) as the importance of having physical education at schools is that 
they can become part of the curriculum so there is less choice on the part of the 
individual whether they have to partake or not and there is the infrastructure to 
make the implementation easy and successful (Naidoo et al., 2009:8).  
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When an intervention programme was implemented in a South African school the 
results showed that it needs to be multi-faceted to help show any progress in 
behavioural changes as well as being realistic and achievable, and if this is 
adhered to there has shown to be an increase in the overall physical activity 
levels of the learners (Naidoo et al., 2009:11).  It has been suggested that 
programs can be implemented to give the children information, change their 
mind-set, alter their behaviour and give them belief in themselves to take part in 
physical activities, and by doing so set each individual up for a healthy future 
(Naidoo et al., 2009:12).    
 
Changes in the physical environments in which societies exist could make a 
difference to the levels of physical exertion people take part in.  These changes 
include access to walking choices, such as paths on pavements and communal 
transport.  Another important factor, especially in South Africa, is the safety of the 
roads and surrounding areas in which people live (Popkin, 2003:594).   
 
2.4.2.5.1 REVIEW OF RESEARCH PERTAINING TO TELEVISION VIEWING 
IN CHILDREN AND ADOLESCENTS 
 
Television viewing forms part of sedentary behaviour, but due to its influence on 
obesity it is going to be discussed separately.  
 
Multivariate studies have found that television viewing and playing video games 
for long periods of time, or not participating in sports outside of school, promotes 
obesity.  Several studies have specifically examined the links between television 
viewing and children’s risk of overweight (Lobstein et al., 2004:4). Although some 
find only weak relationships, several others have found that hours of television 
viewing were closely associated with increased levels of obesity in cross-
sectional and prospective studies, among children (Lobstein et al., 2004). 
 
There is a lot of controversy about the connection between television watching 
and a higher BMI.  There are conflicting results from different studies and it is 
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hard to come to a concrete conclusion; however a longitudinal study published in 
2004 showed that of the adolescents that watched more than two hours of 
television a day, 17% were overweight according to their BMI results (Biro, 
Khoury and Morrison, 2007:274).  However a direct relationship has been 
reported between the amount of time spent in front of the television and the 
development of childhood obesity, even though there was not a strong tendency 
between BMI and teenage boys who view large amounts of television (Robinson 
et al., 1993:273).   
 
Further studies have looked at the effect of different types of sedentary 
behaviours on the development of childhood obesity and it was reported that 
television watching is far more harmful than computer and video games are and 
therefore it was suggested that the amount of time allowed to view television 
should be limited, especially in very young children (Rey-López, Vicente-
Rodríguez, Biosca and Moreno, 2008:242).  The reason that television viewing 
may be more harmful is due to the advertising that the children are exposed to 
and to which younger children are more susceptible as well as the fact that 
habitual overeating that is associated with television watching is more difficult 
with video and computer games as the children’s hands are occupied. 
 
Technology has contributed to the decline in physical activity, where on average, 
children spend 4 hours daily in front of some type of screen, be it television, 
computer, or video game (Harper, 2006:288).  A correlation between watching 
television and obesity has been demonstrated from preschool through adult age 
groups (Harper, 2006:288).     
 
An aspect that is very fascinating is that of television viewing, due to the fact that 
most children tend to eat high fat foods with little nutritional value while watching 
television and during this time they are exposed to direct marketing from food 
brands, where in the USA and the UK, children see as many as 10 food 
advertisements in one hour (Ebbeling et al., 1993:273).  Robinson et al. 
(1993:273) noted this association between obesity and television and stated that 
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it is found in the same two ways, either the children are eating passively in front 
of the television, increasing the amount of energy consumed, but they are not 
burning it off due to sitting.  Secondly there is the issue of food advertising that 
create cravings in the viewers for unhealthy food options and creates false ideas 
of what foods should be consumed (Robinson et al., 1993:273).   
 
Researchers have looked into the effects of viewing so much television and they 
have seen changes in cognition, aggressive and violent tendencies as well as 
general views on life, and more recently and most disturbingly there has been a 
drastic effect on lifestyle behaviours which in turn is affecting the general health 
of populations (Robinson et al., 1993:273). 
 
In 1993 a study conducted among girls aged 11 to 13 years showed that there is 
no correlation between hours of television viewing and BMI and triceps skinfold.  
However there was statistical significance between hours of viewing and physical 
activity (Robinson et al., 1993:276-277).  These results have been altered 
drastically over the last 20 years where there have been many more recent 
studies that have shown significant relationships between BMI, body fatness, 
physical activity, fat intake and body weight and television viewing, which clearly 
shows the affect that 20 years of television viewing has had on growing 
generations as family life is centralized around the television.    
 
2.4.2.7 INTERNATIONAL AND NATIONAL PHYSICAL ACTIVITY 
STATISTICS 
 
When considering physical activity, a survey conducted among 9 to 13 year olds 
by the CDC in 2003 showed that two-thirds of these adolescents do not take part 
in any form of scheduled physical activity during the time spent outside of school 
and as many as one quarter do not take part in any physical activity at all.  The 
adolescents were less likely to participate in sports if they were black or Hispanic 
or had come from a lower socioeconomic status or their parents had lower 
education levels (Biro et al., 2007:273). 
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In 2002 an editorial was published that reported that less than 33% of the black 
children in South Africa are offered physical education at school and it also 
showed that the emphasis on being physically active has decreased drastically 
as it has become a subset and not a specialised subject on its own (Armstrong et 
al., 2006:62).   
 
The National Youth Risk Behaviour Survey (2008:44) among school-going 
children, showed that 43.2% of the learners took part in vigorous activities during 
the week prior to the survey, with the males being more active than the females.  
Only 39.3% of the population took part in moderate activities the week before the 
survey, with no significant variations between the genders.  Only 41.5% of the 
population took part in no or little physical activities and the incidence was far 
higher in the female learners than their male counterparts (Reddy et al., 
2008:44).  Only 65.6% of the schools which the learners attended actually 
presented physical instruction on one or more days of the week and 28.8% of the 
learners at these schools said that they had no inclination of taking part in these 
classes (Reddy et al., 2008:44). 
 
South Africa has reported that as many as 40% of young people take part in little 
or no activity that is either high intensity or moderate per week.  Just over 50% of 
school-going children reportedly take part in structured physical activities, but 
only two thirds of those learners’ activities are vigorous in nature.  Interestingly, 
the younger children take part in less physical activity than the high school 
learners (Naidoo et al., 2009:7). 
 
In 1993 it was reported that in America 6 to 11 year olds spent 23 hours per 
week watching television and 12 to 17 year olds spent an average of 21 hours in 
front of the television per week.  One of the causal factors is the fact that 
television has become an integrated part of American society (Robinson et al., 
1993:273) and as time has progressed it has started to become the same for 
many developing countries too. 
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2.4.2.8 ESTABLISHED PHYSICAL ACTIVITY QUESTIONNAIRES 
 
Various measures have been designed to assess physical activity which include 
self-reports, questionnaires and daily log books using heart rate monitors and 
pedometers (Hands et al., 2004:18).  The most widely used method of 
determining levels of activity in children is the use of questionnaires which can 
then be compared to BMI to determine the correlation (Graf et al., 2004:22).   
 
The THUSA BANA study (2006:355-356) looked at the levels of physical activity 
that 10 to 15 year olds take part in.  They measured this using the Previous Day 
Physical Activity Recall.  This questionnaire looks at the amount of activity the 
child does the previous day as well as the last weekend.  The activity is recalled 
in 30 minute intervals from a specific list of activities, and they have to rate the 
form and intensity (Kruger et al., 2006:353).  
 
Another physical activity questionnaire is the Adolescent Sedentary Activity 
Questionnaire (ASAQ) which aims to assess the total amount of time spent 
taking part in different activities in a normal week.  There are 11 weekly activities 
and 12 weekend activities that are summarised into five separate groups, namely 
small screen recreation, education, cultural activities, travel time and social 
activities (Hardy, Booth and Okely, 2007:71).    
 
The Adolescent Physical Activity Recall Questionnaire (APARQ) is a 
questionnaire that has two facets, one being the involvement in structured 
activities and the involvement in non-structured activities.  Those that are 
structured are described as those that are controlled by an adult and normally 
form part of a practice or training session.  The non-structured activities are those 
that are more leisure activities such as recreational cycling or walking, transport 
and other casual activities (Booth, Okely, Chey and Bauman, 2002:1986).  The 
same sport can be reported in both levels of activity and have to be reported from 
a ‘normal’ week, taking the different seasons into consideration.     
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The Children’s Leisure Activities Study Survey (CLASS) has two versions, one 
administered to parents and the others are self-reported by the children 
themselves.  It was developed for 10 to 12 year old participants and is comprised 
of a list of thirty activities and in both questionnaires the individual answering the 
questions has to circle a ‘yes’ or a ‘no’, to show there is participation in that 
activity during the week and on weekends.  They are requested to answer 
according to a ‘typical’ week.  School holidays are excluded from the 
questionnaire.  If there are activities that have a ‘yes’ answer then the frequency 
of the activity is then reported on in minutes or hours (Telford, Salmon, Jolley and 
Crawford, 2004:66). 
 
All of these questionnaires are very extensive and require careful thought on 
many items.  The following questionnaire was selected due to its simplicity and 
ease of administration. 
 
2.4.2.8.1 PHYSICAL ACTIVITY QUESTIONNAIRE SELECTED FOR THE 
CURRENT STUDY 
 
One of the recommended questionnaires used to ascertain the amount and type 
of physical activity children participate in is the International Physical Activity 
Questionnaire (IPAQ).  There are many other manners of assessing activity 
levels, but no final decision has been made as to which one is the most accurate 
at classifying levels of physical movement based on a self-reporting method 
(IPAQ, 2005:2).  The problem with this is that there is no definitive protocol which 
makes the comparison of results from different studies complex.  Due to the fact 
that the IPAQ has been developed for international use, it has been 
recommended that these questionnaires be used so as to make future 
comparisons more accurate (IPAQ, 2005:2).     
 
The IPAQ questionnaire asks about walking, moderate and vigorous activities 
that are participated in during leisure, domestic, work and transport time.  The 
way the questionnaire is designed, it offers three different scores for the three 
types of activities and to calculate the outcome, the total amount of time spent 
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doing each specific type of activity on how many days in a week is summed up 
(IPAQ, 2005:2).   The easiest way to report these findings is by MET-minutes per 
week.  Activity minutes that constitute walking are multiplied by 3.3 METs, 
moderate-intensity by 4.0 METs and vigorous-intensity by 8.0 METs (please see 
chapter 3 for these calculation descriptions).  These values have been calculated 
from the IPAQ Reliability Study conducted in 2001 (IPAQ, 2005:5).  There are 
three classifications of the total amount of physical activity calculated being high, 
moderate and low: 
• High levels of physical activity are defined as at least one hour per 24 hours 
consisting of moderate-intensity movements that are more than the normal 
levels; or it consists of 30 minutes of vigorous activity.  When defined in 
MET-minutes/week it amounts to more than 3000 (IPAQ, 2005:4).   
• The moderate classification refers to taking part in activity that is more than 
the low group which equates to at least 30 minutes of moderate-intensity 
activity per 24 hours.  In MET-min/week this refers to between 600 and 
2999 (IPAQ, 2005:5).   
• The low classification refers to the failure to achieve any of the standards 
set in the high and moderate classes.  In MET-min/week it refers to less 
than 600 (IPAQ, 2005:5).   
 
The reliability and validity of the IPAQ questionnaire has been researched and 
proven by Craig, Marshall, Sjöström, Bauman, Booth, Ainsworth, Pratt, Ekelund, 
Yngve, Sallis and Oja (2003:1381).  The results showed that the IPAQ produced 
a Spearman’s ρ of 0.8 with a criterion validity ρ of 0.3 which was analogous to 
majority of other self-reporting questionnaires.  This study reported that the 
reproducibility of the IPAQ questionnaires was at a satisfactory level with 
correlation coefficients of above 0.65.  The combined ρ value was 0.76 and the 
Short Form 7 Day Questionnaire had a reproducibility ρ of 0.75 (Craig et al., 
2003:1385).   
 
There has been a recommendation that the data needs to be carefully examined 
and perhaps even cleaned (excluded) in the following cases (IPAQ, 2005:10): 
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• If the minutes are not recorded as 15, 30, 45 or 60; 
• If the answer was “do not know”; 
• If the results are extremely elevated which is the case when the total sum of 
time spent being active is more than 960 minutes;  
• If the respondent indicates that they have been active for more than 7 days, 
for example 8 or 9 days. 
 
Data was specifically collected in South Africa with the following results (see 
Table 11) for the Short Form 7 Day Questionnaire (Craig et al., 2003:1385): 
 
Table 11: Reliability and validity of the IPAQ in a South African population 
(Craig et al., 2003:1385)  
Collection Site Total PA 
Spearman’s ρ 
Total Sitting Time 
Spearman’s ρ 
Agreement of time 
spent walking (%) 
South Africa 0.56 0.57 0.94 
South Africa – Urban 
(2 visits) 
0.69 0.72 0.95 
South Africa - Rural 0.32 0.35 0.93 
South Africa – Urban 
(3 visits) 
0.84 0.76 0.97 
 
Table 11 clearly indicates that in South Africa the use of the IPAQ in rural area’s 
needs to be done with caution due to the expected literacy levels and the 
language barriers presented (Craig et al., 2003:1389).   
 
This study also determined that developing countries preferred self-administering 
the questionnaire instead of telephonically, mainly due to the lack of telephones 
in certain areas.  The main advantage of using the IPAQ is that it has been 
investigated in both industrial and developing countries and showed both validity 
and reliability across all nations but most specifically in metropolitan settings 
(Craig et al., 2003:1388).  The subject validity of the IPAQ is elevated because it 
looks at how often, how much time and how intense the physical activity is and it 
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also incorporates inactivity which has become an even more worrying factor.  It 
also allows for adjustments to be made to help accommodate different cultures in 
different countries (Craig et al., 2003:1389). 
 
2.4.2.8.2 LIMITATIONS WHEN USING THE SELECTED  PHYSICAL 
ACTIVITY QUESTIONNAIRE 
 
The major limitation to using IPAQ is that it has been developed for people aged 
15 to 69 years (IPAQ, 2005:10).  The IPAQ is very useful due to its international 
status and it is a very accessible questionnaire.  The questionnaire needs to be 
administered with a lot of guidance, which can be achieved by using research 
assistants to help with any questions.   
 
2.4.2.9 CONCLUSIONS FROM RESEARCH 
 
For physical activity to be successful and well received, it needs to be developed 
specifically for the culture in which it takes place, it must concentrate on 
differences in facilities and it should entail the building up of society in the long 
run (Edginton et al., 2012:436). 
 
Physical activity orientated interventions are ideal as they make contact with 
large numbers of children and adolescents who are at risk of becoming 
overweight or obese.  It is also cost-effective as it is available on a constant and 
impactful basis during the time in a child’s life that is so imperative to instill 
healthy habits into (Singhai, Misra, Shah and Gulati, 2010:365).   
 
 
The success of a physical education and nutrition intervention lies in six very 
important factors (Naidoo et al., 2009:8): 
1. The programme must include education on nutrition; 
2. The educators giving instructions need to be educated; 
3. The programme needs to have a physical aspect;  
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4. The parents and family need to be involved; 
5. There need to be changes implemented at the food stores on the school 
premises; 
6. The programme needs to be theoretically sound and relevant to the children. 
. 
2.4.3 DIETARY INTAKE 
 
There has been a notable change in the cultures of food within communities, 
where energy-dense foods are more easily available and there is a migration of 
labourers to the bigger cities so that they can earn more money, and therefore 
there is more exposed to westernized diets (Kimani-Murage et al., 2010:11).  In 
poorer communities, the women are also being forced to work and this definitely 
plays a role in the nutrition transition, as the mothers can no longer take care of 
the food intake of the family and there is a higher earning power in the home, 
allowing for easier access to fast-foods that are not necessarily healthy (Kimani-
Murage et al., 2010:11).   
 
2.4.3.1 REVIEW OF RESEARCH PERTAINING TO DIETARY INTAKE IN 
CHILDREN AND ADOLESCENTS 
 
The body has been designed with precision in mind, and the metabolic system is 
no different.  So much so that when looking at the balance between energy 
intake and expenditure, if a person goes over their daily allowance by as little as 
500kJ, which equates to one sweetened cool drink, over a period of ten years 
they will gain in excess of 50kg’s.  So if this balance is continually tilted towards 
the surplus then in time that individual will become obese (Ebbeling et al., 
2002:473). 
Livingstone (2001:109) reported there is still not a definitive link between fat 
intake and obesity and neither is there a link between intake and expenditure in 
children.  Therefore the effect that the amount of fat eaten has on levels of 
obesity and adiposity have been analysed and it has been proven constantly that 
while there is a decrease in the intake of fats, there is an increase in the levels of 
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obesity.  It is because fat is the food source with the most energy in it, that it is 
considered to be the most detrimental in terms of aiding unhealthy weight gain 
(Ebbeling et al., 2002:475-476).  So even though high levels of fat intake are 
proposed to be responsible for weight gain, it is rather a behavioural issue and 
cannot be simplified to a biological outcome.  It has been proven that young 
males have similar BMI’s regardless of whether they have a high or low fat diet.  
It was also found that high fat eaters are more sedentary and at a higher risk of 
becoming obese, but both high and low fat diets carry the same risks and 
preventions for developing obesity (Blundell and Cooling, 2000:S33).   
 
The problems surrounding a high fat diet are that fats are not filling and tend to 
make a person hungrier sooner and therefore they overeat, as well as the fact 
that it negatively affects the metabolism that controls the balance between intake 
and expenditure.  Therefore a high fat diet is not held responsible for an increase 
in body fatness and reducing fat intake will not make as drastic a difference as 
anticipated (Blundell and Cooling, 2000:S33).   
 
Some of the hypothesised reasons that contribute to the development of obesity 
are that the chances for children to eat has increased in the last decade, so it has 
been hypothesised that children are in a state of reflexive overindulgence, so 
when this is coupled with the amount of tasty foods available, it becomes the 
most apparent reason for an increase in obesity and overweight in children 
(Livingstone, 2001:111-112). 
 
Another study showed that with a decrease in the intake of fatty foods, there has 
been a strong increase in the intake of carbohydrates, particularly processed 
ones.  Meals now consist mainly of carbohydrates which have a high glycemic 
index which results in children feeling hungrier sooner and this leads to 
overindulge which can then cause obesity (Ebbeling et al., 2002:476).   
 
Another component that is a large part of young people’s diets nowadays that 
was not around in the past is sweetened cool drinks, which also have a very high 
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glycemic index.  They contain empty calories as they are not filling, but they 
contribute to the calorie count per day (Ebbeling et al., 2002:476).  Lobstein et al. 
(2004:4) suggested that the energy consumed as drinks should be considered 
separately from solid food because experimental studies suggest that the post-
ingestive effects on appetite may differ.  Soft drinks make a growing contribution 
to the diet of young people, even young children, and yet these children do not 
consider this as part of their energy intake (Lobstein et al., 2004:4).  It has been 
recommended that drinks like milk are a far better option for children as it is both 
nutritious and not fattening (Ebbeling et al., 2002:476).   
 
The THUSA BANA study showed results that were in line with the conclusions 
above as there was a high intake of starchy foods, empty-kilojoule snacks and 
high-sugar cold drinks, with low intake levels of nutritious foods.  It was deduced 
that the intake of sugary based foods and drinks, replaces the nutritious foods, 
which can elevate the glycemic index and then relates to an increased rate at 
which weight is gained (Kruger et al., 2006:356). 
 
The problem comes in when components like carbohydrates and sweetened 
drinks are consumed together on a regular basis, as is seen with fast foods.  
They contain all the wrong things and have become part of society’s everyday 
dietary intake and that is why fast food has been so strongly associated with 
excessive weight gain in children (Ebbeling et al., 2002:476).   
 
Another proposed factor is that family life has also shifted from eating at home 
around the dining room table to eating in restaurants or eating in front of the 
television.  In both the latter instances, more calories are taken in as restaurants 
serve large portions and the quality of food served in front of the television is 
often not nutritious (Ebbeling et al., 2002:476).  
 
A very interesting fact that has received much debate is that of the consumption 
of 100% fruit juice by young children.  It has been stated that this juice has no 
health benefits and it has been recommended that no more than 150ml a day 
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should be drunk and that fruit juice should not make up more than a third of the 
daily fruit allowance (Krebs et al., 2007:S193). 
 
A saddening statistic reported in 2004 that the daily fruit and vegetable 
consumption was far less than it should have been and that the consumption of 
all meats was far more than what was recommended as the daily minimum.  With 
regards to dairy and milk products, girls at secondary school were only 
consuming two thirds of that they should have been (Hands et al., 2004:20). 
 
The problem with this is that for children to grow and develop properly they need 
to eat the right quantities of good food, that supplies enough energy, vitamins 
and minerals and proteins that are necessary for sufficient growth to occur.  
Therefore children should be eating grains, vegetables and fruits, with enough 
dairy and meat products (Hands et al., 2004:20). 
 
Dr. Robert Pretlow conducted a study that aimed to investigate factors 
surrounding the contribution to obesity in children and adolescents.  He did this 
by accessing information from a website from the year 2000 until 2010 (Pretlow, 
2011:295).  There were a total of 29 406 participants aged between 8 and 21 
years, of which 94% were female (Pretlow, 2011:296).  The anonymity of the 
data collection allowed for stark honesty and the amount of depression and 
general melancholy was shocking with most of the participants intensely disliking 
their physical body.  Majority of the participants suffered at the hands of bullies 
and constantly had to deal with unreasonable social situations (Pretlow, 
2011:296-297). 
 
Pretlow (2011:297-298) reported that the more elevated the individual’s body 
mass index, the more difficult it was for them to try and lose weight, with 
uncontrollable consumption of tasty and unhealthy foods being a regular 
occurrence, even though the participants knew very well the results of such 
behaviour in their weight gain.  Overindulgence was common with emotional 
taxation as it helps to anesthetise the pain, even though people hate doing it to 
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themselves (Pretlow, 2011:297-298).  There is eating associated with anxiety, 
tedium and passiveness which all creates a constant struggle as people eat to 
feel better, but then hate themselves for doing so and became even more down 
and therefore eat more (Pretlow, 2011:299).  The proposed hypothesis for this 
behaviour is an addiction to and dependence on food and the positive feeling 
associated with the flavour and the actual mechanics of the eating process.  
Another psychological problem that can develop from such behaviour is bulimia 
as the participants cannot give up the feelings they get when they consume the 
food, so they vomit it all up to help prevent weight gain (Pretlow, 2011:299).   
 
2.4.3.2 POSSIBLE CAUSES OF INCORRECT DIETARY INTAKE 
 
Fat intake is influenced by many factors, for example the cost of food, serving 
size, various flavours and varieties as well as the availability of different types of 
foods (Ali and Crowther, 2009:81).  In developed countries, the foods are higher 
in saturated fats whereas less developed countries receive their calories from a 
vegetable based diet.  Food intake has an effect on an individual’s weight due to 
the satisfaction felt, the competence of the metabolism and by the controlling of 
the secretion of insulin and its actions (Ali and Crowther, 2009:81-82).  Therefore 
a western diet can lead to greater postprandial insulin levels, mostly due to the 
excessive amount of carbohydrates eaten which then leads to higher triglyceride 
storage within the adipose tissue.  As far as insulin levels are concerned, if there 
is an increase in its secretion, hunger is brought on as insulin exhausts the 
glucose in the blood and so more food is eaten, which then causes more insulin 
to be secreted and so a cycle develops (Ali and Crowther, 2009:82).  When an 
individual is obese, it is present in both the size of the fat cells and the number 
present and this can be influenced by many factors (Ali and Crowther, 2009:81) 
which will be discussed below.   
 
The family environment plays an extensive role in the levels of obesity present 
and if there is tension in a familial relationship or if the mother plays an integral 
role in food restriction, it is more likely that overeating will occur as well as the 
124 
 
consumption of fatty and sugary foods (Wisniewski and Chernausek, 2009:78).  
Childhood obesity is also related to the change in eating habits over recent 
decades. The family meal has been replaced by fast food or restaurant food, 
which is high in fat and calories but low in fruit and vegetables (Harper, 
2006:288).  Parents in today’s society also work longer hours, either due to 
financial restrictions or due to the demand to perform, which means there is less 
time to prepare healthy, nutritious meals and to make sure that the types of 
activities their children are taking part in are good for them, especially the less 
strenuous activities (Ebbeling et al., 2002:478).  As far as the influence of the 
parents body weight on a child’s life, it has been reported that parental obesity is 
a greater predictor of the development of obesity than fat intake is (Livingstone, 
2001:112). 
 
There have been many reports that there is a positive association between the 
consumption of sugar-sweetened drinks and obesity in 11 to 12-year-olds over a 
19 month follow-up (Lobstein, Baur and Uauy, 2004:4).  The quantity of soft 
drinks consumed, especially carbonated soft drinks increases with age and can 
account for the largest single source of non-milk-extrinsic sugar consumption 
among young people, and if this habit is adopted at an early age it becomes 
difficult to break later on (Lobstein et al., 2004:4).   
 
Time and science have shown that there is a gene that a person can inherit that 
makes them susceptible to gaining weight and becoming obese, so if they 
continually eat more than they exercise, they will become overweight (Blundell 
and Cooling, 2000:S34).  Regardless of this gene, it cannot be categorically 
stated that high fat eaters are going to become obese, as time has proven this is 
not true (Blundell and Cooling, 2000:S34).   
 
Technology has made life easier and therefore less activity is required (Ali and 
Crowther, 2009:81).  In 2006 a study was conducted that examined the exact 
effect television watching has on what and how much children eat and the results 
showed that for every additional 60 minutes that are spent in front of the 
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television there is an additional 167 kilocalories consumed and there is an 
amplification of the intake of the food being promoted on television (Wiecha, 
Peterson, Ludwig, Kim, Sobol and Gortmaker, 2006:436).  It has also been 
proven that on the days that children consume take-aways they also eat extra 
fatty foods and more sugary drinks and their intake of healthy foods such as fruit, 
vegetables and dairy, decrease (Wiecha, Peterson, et al,. 2006:437).  From this it 
has been concluded that no more than 2 hours of television watching should be 
allowed per child per day which will aid in decreasing the amount of time spent in 
inactivity (Wiecha et al,. 2006:441). 
 
Considering another aspect of television watching, in 2008 a study was 
conducted to ascertain how much advertising is directed at children and whether 
there are changes during school vacation versus the time during the school term.  
The results showed that 16.4% of the total time devoted to advertising on 
television was made up of foodstuffs with the most popular adverts being for 
breakfast cereals high in sugar content, followed by sugary dairy items and then 
sweets.  There was definitely an increase in advertising during school vacations 
(Morgan, Fairchild, Phillips, Stewart and Hunter, 2008:748).  Children have 
indicated that they are prone to requesting advertised items that are not 
necessarily healthy, for example with sugary cereals that are portrayed as health 
foods, yet are made up of sugar and are not healthy (Morgan, Fairchild, et al., 
2008:748).  Children are targeted by advertising companies because they are 
easily influenced, have a large influence on what foods their parents buy and 
they have a large portion of spending control (Morgan et al., 2008:748).     
    
Davis, Gance-Cleveland, Hassink, Johnson, Paradis and Resnicow (2007: S232) 
agreed that further influential factors are the missing of breakfast and larger 
portion sizes which have a negative influence on body weight.  They also stated 
that unhealthy foods that are consumed when snacking and how often snacking 
occurs aids in increasing body weight.  Two factors that have been shown to 
positively reduce body weight are the eating of meals as a family and parents 
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having a large element of control over what their children consume but these 
facts still need to be reiterated in further research (Davis et al., 2007:S233).      
 
Finally it has been concluded that the various factors mentioned above all play 
an integral role in a person becoming obese, and it is not as simple as a high fat 
diet equals obesity.  It depends on metabolisms, basal and resting metabolic 
rates, genetics, physical activity, sedentary behaviour and dietary intake (Blundell 
and Cooling, 2000:S36-S37).   
 
2.4.3.3 REVIEW OF RESEARCH CONDUCTED IN SOUTH AFRICA 
CONCERNING DIETARY INTAKE 
 
Ali and Crowder (2009:81) agreed with previous studies and stated that one of 
the main reasons why South Africa is so greatly affected is due to the transition 
of the rural population to the urbanized world which has resulted in drastic 
changes in lifestyle and an increased exposure to high fat foods.  This has been 
discussed extensively in section 2.2.1.6.  Further research has indicated factors 
that influence the nutritional condition of children that reside in rural areas in 
South Africa are the living conditions of the parents, how much disposable 
income the parents have, the order of birth and how many of the children in the 
family are comprised of boys and girls and the ease of access from the family 
home to food suppliers (Madhavan and Townsend, 2007:107). 
 
South African children have notoriously bad eating habits, especially at school 
where food options are high in sugar and fat content, and reports have shown 
that they eat fruit and vegetables less than three times per week.  Schools tend 
to rely on these food providers for extra income so they are a necessity.  There 
are also vendors that sit outside the schools that also sell unhealthy but tasty 
foods (Naidoo et al., 2009:7).     
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2.4.3.4 STATISTICS FROM RESEARCH ON DIETARY INTAKE 
 
The THUSA BANA study reported that boys on average have an intake of 
8013kJ, compared to the RDA standards of between 8400kJ and 10500kJ for the 
age group.  Girls reported an average of 7396kJ compared to the RDA 
recommendations of between 8400kJ and 9240kJ for their age group.  The total 
fat intake for the group ranged between 26 and 27%, which is below the daily 
recommended allowance of 30% (Kruger et al., 2006:353).  Final results from the 
study showed that the energy and fat intake levels were highest among children 
living in informal settlements and those whose parents were the highest earners 
(Kruger et al., 2006:357).  Overall, the dietary intake for the subjects showed 
average to low levels of intake with no significant differences between the normal 
and overweight or obese subjects and were much less than what international 
reports say (Kruger et al., 2006:357).  Previous studies have shown that the 
South African population reflects that where there are high levels of overweight, 
there are low levels of fat intake and therefore it was found that there is a very 
low correlation between BMI and fat intake.  Therefore the diet of an individual is 
not the chief cause for obesity or overweight (Kruger et al., 2006:357). 
 
With regards to eating luxury items and fast foods, the National Youth Risk 
Behaviour Survey (2008) reported that almost 40% of the learners ate fast foods 
(hot dogs, hamburgers, hot chips, pies, vetkoeks, etc.) 4 or more days in the 
week.  It also reported that the Eastern Cape was one of the provinces that ate 
the least fast foods or luxury items (Reddy et al., 2008:41).  Nearly 27% of the 
learners eating fast foods ordered their meals up sized every time they ate it.  
The younger high school aged learners tended to do it more often (28%) 
compared to the older learners (21.9%).  The Eastern Cape was reported to be 
one of the provinces with the most learners that order the bigger meals (Reddy et 
al., 2008:41).            
 
With regards to cakes and biscuits, over 40% of the youth population ate these 
items 4 or more times a week, with the younger high school learners once again 
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eating them more often than the older high school learners (Reddy et al., 
2010:41).  The numbers for fizzy cold-drinks was far higher with 50.3% of the 
learners drinking them 4 or more times in a week, and once again the older high 
school learners drank less than the younger high school learners (Reddy et al., 
2010:42).  These differences between the age groups could be due to the 
awareness that the older learners have about their diets and body weight.  The 
younger learners have also made a transition from primary school to high school, 
where they may have more freedom and more access to these foods and drinks.  
This is seen in the amount of times a week the learners bought items from their 
school tuck shop, with 44.7% of them doing it 4 or more times a week (Reddy et 
al., 2010:42).   
 
2.4.3.5 ESTABLISHED DIETARY INTAKE QUESTIONNAIRES 
 
In the THUSA BANA study (Kruger et al., 2006:356), they used a multiple-pass 
24 hour recall questionnaire, where foods consumed over the previous 24 hour 
period are recalled, taking into consideration the portion sizes.  The information is 
supplied entirely by the participants.   
 
The Food frequency questionnaires (FFQ) were developed to examine and 
comment on the daily food intake by questioning how often specific food groups 
are consumed over a specific period, for example one year.  FFQs are centered 
on a broad number of many foods or a compact list of a smaller amount (MRC, 
2012:1).  The requirements of the FFQ’s are that the foods used in the 
questionnaires should form a large part of the nutrient intake of the individual’s 
intake or specific foods that need to be examined, they need to be a part of the 
entire food intake of the individual and they need to be part of a standard diet in 
the study group (MRC, 2012:1).  The list of foods could be between 20 and 200 
items.  The questionnaires can either be self-administered or based on web 
formats, or the researcher can administered it, either personally or telephonically 
(MRC, 2012:1).  The frequency of consumption is examined on a multiple 
response grid where the participants are asked to approximate how regularly 
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they eat a certain type of food.  The answers range from ‘never’, ‘less than once 
a month’ to ‘6+ per day’ and the participants have to select the most accurate 
response (MRC, 2012:1).  This is an extensive questionnaire and not easy to 
simplify in terms of South African children. 
 
The 28-item Children's Dietary Questionnaire (CDQ) was designed with 
Australian children in mind and looked at food intake guidelines that have been 
outlined in conjunction with the general food intake of children (Magarey, Golley, 
Spurrier, Goodwin and Ong, 2009:257). It looks at the intake patterns in one of 
two time frames, either in the last 7 days or in the last day.  It examines both 
foods that are preferred such as fruit and vegetables and water, as well as foods 
that are opposed, such as high fat and high sugar foods.  It also considers 
sweetened drinks and full cream dairy items (Magarey et al., 2009:257).  This 
questionnaire has been developed by Australians for Australian children and 
therefore is very specific in terms of the population it applies to.  
 
There is also a Food Recognition Form which looks is a list of foods that the 
participant has to state whether they ate it or not and if it was part of a snack or a 
meal.  It is limited to one day though and it relies on accuracy of the child’s recall 
and requires intense supervision (Baranowski, 2006:34).   
 
Results have reported on the use of dietary questionnaires in young people is 
that children at the age of ten years are fully capable of providing specific food 
intake facts as they are very aware of what they have eaten.  The 21-item fat 
measure was commended for its succinct nature, predictability and its ability to 
evaluate diet-related actions. The 21-item fat measure was combined with the 
PACE+, which was specifically designed for adolescents and the final product is 
called the PACE+ Dietary Fat Screening Measure (Prochaska, Sallis and Rupp, 
2001:705).  
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2.4.3.5.1 SELECTED FAT INTAKE QUESTIONNAIRE 
 
The 21-Item fat measure was based on the Block Simplified Fat Screener which 
was cultivated for grown-ups.  Changes were made to make it more relevant for 
children, with more culturally eaten foods being introduced as well as the time for 
the recall being reduced to the previous seven days.  This was done because 
there was a concern about the ability of children to recall older details (Prochaska 
et al., 2001:700).  The questionnaire records how often high fat foods are 
consumed, with the scale starting at never (0) and ending at two times a day (5).  
The final number is calculated by adding all the numbers allocated to each 
category which allows the results to be consistent and legitimate (Prochaska et 
al., 2001:700).  The 21-Item fat measure examines how often twenty-one foods 
that are high in fat content are eaten in a week.  The scores range from 1 to 105 
and it is quick to administer, complete and grade (Prochaska et al., 2001:700).  
There is a very strict cut-off of 16 that was established as most accurate at 
classifying the final score and this cut-off improves the responsiveness of the 
measure.  Final scores of 16 or less are categorised as low fat intake and final 
scores of more than 16 are categorised as high fat intake.  The reason for these 
cut-offs is to assist in recognizing which children need further counseling in terms 
of their diet and nutritional lifestyle (Prochaska et al., 2001:703).   
 
The reliability and validity of the 21-Item fat measure was examined by 
Prochaska et al. (2001:699).  The 21-item fat measure had 71% accuracy in 
terms of catergorising the participant completing the questionnaire, it had a 
responsiveness score of 81% and it was 70% predictive.  The only result that 
was not very impressive was the specificity which was 47% (Prochaska et al., 
2001:705).  The 21-item fat measure showed a significant correlation to the final 
percentage of calories that are obtained from fat eaten (r = 0.36, P < 0.01) which 
helped to improve the validity of the measure (Prochaska et al., 2001:703).   
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2.4.3.6 LIMITATIONS WHEN USING DIETARY INTAKE QUESTIONNAIRES  
 
The precise examination of what food is consumed in young people is a worrying 
factor as tendencies that are developed in early life could have a strong influence 
on the health of the adult lifestyle (Livingstone and Robson, 2000:279).  There 
are three mental factors that influence how accurately food intake is reported 
(Livingstone and Robson, 2000:279-282): 
1. How well the parents can remember what their children have eaten: this is 
necessary when assessing children below the age of 7 years.  This has 
become very limited due to the work pressures parents face and therefore 
the responsibility is given to a caregiver; 
2.  The ability to judge how much food is consumed: this is not very reliable 
and it has been suggested that charts with portion sizes accompany the 
questionnaire to aid in accurate reporting; 
3. Children’s memories: this is surprisingly accurate, but there needs to be 
some form of prompting to assist them to remember. 
 
Livingstone (2001:112), Livingstone and Robson (2000:284) and Blundell and 
Cooling (2000:S33-S34) all discussed a very common issue with the fat intake 
questionnaires and that is that they do not report on the normal day to day fat 
intake, as the children and adolescents tend to misreport.  Obese young people 
are more inclined to understate how much they normally eat by a noteworthy 
amount.  Therefore it has been suggested that less importance be placed on 
dietary intake questionnaires (Livingstone, 2001:112).  It has become an 
accepted fact that any type of food intake questionnaire regardless of what it is 
measuring, lack validity and reliability because as many as 60% of obese males 
and 70% of obese females, are under-reporting their intake and it is suspected 
that these numbers have increased over time.  This is done on a selective basis, 
especially in terms of sweet foods that are high in fat (cakes, donuts, pastries) 
(Blundell and Cooling, 2000:S33-S34).     
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The reason this occurs so often is due to the honesty of participants when 
questioned after the fact, where they will willingly admit to changing their 
behaviour for a short period before the test or they purposefully do not write the 
correct amounts (Blundell and Cooling, 2000:S34).  The suggested reason for 
this is that today’s culture is very diet and weight conscious (Blundell and 
Cooling, 2000:S34), and so these children are embarrassed by their weight and 
therefore feel the need to under-report so as not to have their obesity validated 
and to avoid further ridicule (Livingstone and Robson, 2000:284).   
 
It was noted that the 24-hour Recall questionnaire has many limitations as it can 
be prejudiced by the simplification of portion sizes, honesty, type of food and the 
role of food as well as overweight or obese children’s’ under-disclosure due to 
embarrassment (Kruger et al., 2006:356). 
 
Studies that analyse the dietary regime and fat consumption in young people are 
presented with stumbling blocks which are largely related to age and gender 
variations (Livingstone, 2001:112).    
 
2.4.3.7 CONCLUSIONS FROM RESEARCH 
 
The relationship between dietary intake and obesity has been hotly debated for 
many years and there have been many attempts that have been made abroad to 
help the situation, one of them being the introduction of taxes on fast and high fat 
foods (du Toit and van der Merwe, 2003:49).  This was not well-received as the 
public reacted with outrage and therefore no difference has been notable.  The 
suggested reason for the resistance is that many studies (as stated above) have 
proven that diet and fat intake have no direct effect on the levels of obesity and 
that it will just reduce personal choice (du Toit and van der Merwe, 2003:49).  But 
what the research has shown is that fast-foods are made up of carbohydrates 
and sweetened cold drinks which may be responsible for the levels of obesity. 
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Another influential factor that has been threatened with sanctions is 
advertisements and marketing that children are exposed to.  Often these 
promotions involve free toys or gimmicks that attract the children to them and 
they are regularly supported by sporting events such as World Cups, which is 
similar to what used to happen with tobacco advertising in the past.  The tobacco 
adverts were changed, which indicates that the food adverts can be too (du Toit 
and van der Merwe, 2003:49-50).   
 
Carlson et al. (2012:110) found that if the amount of breakfasts eaten together as 
a family unit is increased then there will be a decrease in the BMI and total 
percentage body fat.  There was also a clear correlation between reducing the 
intake of sugary cold drinks and a reduction in total body fat percentage, but not 
BMI.   
 
The problem with parental diet restriction is that if they encourage low fat intake 
and more plant based foods to be eaten, because they are paranoid about their 
children becoming overweight or obese, then their children are at risk of 
developing deficiency diseases (Elrick, Samaras and Demas, 2002:1103).  
Therefore there needs to be a very careful balance achieved by parents so as 
not to develop a food obsession in their children, either in the form of restriction 
or over indulgence. 
 
There is a definite movement towards the promotion of healthy living rather than 
the restriction of what people eat.  This is a far better approach to alter the levels 
of obesity as there is less risk for developing unhealthy habits resultant of food 
control.        
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2.4.4 MATURATION 
 
2.4.4.1 DEFINITION OF MATURATION 
 
Maturation is the process of growing up during which an individual reaches full 
development and comes to maturity (Collins Dictionary, 1991:299).  This process 
is often associated with puberty in both boys and girls.  Puberty has been defined 
as a time when an individual develops into sexual maturity (de Guzman, 2007:1).  
de Guzman (2007:1) went further to say that puberty involves the physical 
changes that make an individual capable of sexual reproduction.  Maturation also 
involves the development of secondary sexual characteristics, growth increases, 
body proportion alterations and an increase in strength and endurance (de 
Guzman, 2007:1).  Along with maturation come hormonal changes which lead to 
the deepening of voices for males, acne, body odor and mood changes for both 
boys and girls (de Guzman, 2007:2). 
 
2.4.4.2 REVIEW OF RESEARCH PERTAINING TO MATURATION IN 
CHILDREN AND ADOLESCENTS 
 
Categorising maturity is an essential tool that can be used in many ways.  It can 
help divide children into groups that can help researchers to make comparisons 
between different variables according to the group into which the children fall.  As 
is common knowledge, with puberty and maturity there is a link to an increase in 
fatness and adipose tissue with girls.  On the other hand with boys, there is an 
association with an increase in height and strength (Bratberg et al., 2007:54).   
 
A theory discussed in Ellis and Essex’s (2007:1812) study strongly suggests that 
specific characteristics of a child’s environment in their developmental years, 
plays a major role in the rates of maturation of the individual children.  It went on 
to say that high levels of support and stability in the family environment will slow 
the rate at which a child sexually matures.  There is a large emphasis placed on 
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the amount of involvement there is in the relationship of both child and mother 
and child and father (Ellis and Essex, 2007:1812).   
 
There is a conundrum in the relationship between puberty and overweight in that 
in itself, obesity is said to cause early onset of puberty, and on the other hand an 
early onset of puberty is associated with an increase in BMI and obesity 
(Rossouw et al., 2012:2-3).  The overweight seen amongst the girls is culturally 
dependent as studies have shown that white girls tend to become smaller as they 
age compared to their black counterparts.  This is once again attributed to the 
cultural differences and beliefs between races (Rossouw et al., 2012:3).  Other 
influential factors are socioeconomic status, the home environment and the level 
of obesity of the mother and her perception of her child’s weight.   
 
Often the differences in the effects of obesity on the two genders are overlooked 
which is partly due to the fact that obesity is defined into categories.  There are 
commonalities between the genders before and throughout puberty, but the 
discrepancies come in with body composition, weight gain models, hormonal 
changes and environmental aspects from genetic, ethnic and social backgrounds 
(Wisniewski and Chernausek, 2009:76). 
 
Wang (2002:903) concluded that sexual maturation in boys and girls is 
associated with obesity, but the associations are opposite and it was 
recommended that maturation definitely be taken into consideration when 
assessing obesity in young people. 
 
In terms of body fat percentage, the highest levels were found in the older girls 
with the lowest activity levels.  The adolescent growth spurt occurring in younger 
adolescents, results in earlier maturation and therefore an increase in the levels 
of adiposity and higher BMI’s and a predisposition to being an obese adult.  As 
the individual gets older and less active, their levels of adiposity increase and so 
too do their chances of becoming overweight or obese (Kruger et al., 2006:357). 
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Dietary intake and physical activity have a very strong impact on both the timing 
of the onset of puberty as well as the exact pathway that is taken during the 
maturation process (Biro et al., 2007:274). 
 
There is a school of thought that as a race, humans have evolved due to societal 
changes and pressures, and it has resulted in decreased energy expenditure and 
an earlier onset of puberty (Biro et al., 2007:274).  Genes have had to evolve to 
regulate the intake and use of food stores as well as the combined action of 
continuous food plethora and the decrease in physical activity which could be 
responsible for an unusual metabolic process which in itself could lead to 
metabolic syndrome (Biro et al., 2007:274).  This of course relates to diabetes, 
cardiovascular disease and ovulatory differences.  This is linked to the fact that 
the life span of the current population of the world is extended due to 
improvements in science and medicine, but it also allows time for diseases to 
develop.  
 
With regards to maturation, there is no defined normative data but there are cut-
offs.  This is the case due to the fact that the changes associated with puberty 
occur at different times in the teenage years for each individual adolescent (The 
Ohio State University Medical Centre, 2012:1).  Therefore when maturation is 
examined in participants in various studies, there are only individual results as 
the age alone of the participant does not determine whether they may or may not 
be mature and this can only be defined according to specific criteria.  
 
2.4.4.3 MATURATIONAL CHANGES 
 
The changes associated with puberty occur at different times in the teenage 
years for each individual adolescent (The Ohio State University Medical Centre, 
2012:1).  During this time an individual goes through the greatest increases in 
both height and weight, and this growth tends to happen in spurts (The Ohio 
State University Medical Centre, 2012:1).   
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Puberty is not only a matter of physical changes occurring in the adolescent 
body, it can also have a direct effect on other physiological aspects, general 
behaviour, motivation, emotions and certain cognitive aspects of development 
(Dorn, Dahl, Woodward and Biro, 2006:30).  In an aspect pertinent to the current 
study, research has been done to ascertain the association between obesity and 
sexual maturation, especially in early maturation.  Wang (2002:903) concluded 
that sexual maturation definitely has a positive influence on this increase in 
weight with girls, but for boys there is a negative influence as the boys don’t pick 
up weight like the girls do.  This study also found that when overweight and 
obese were examined in different racial groups, when sexual maturation was 
controlled for, the ethnic differences were no longer present.  Fatness (defined by 
measuring BMI and skinfold thickness) was definitely associated with the Tanner 
maturation stages in both boys and girls and it was shown that earlier maturing 
boys were found to be ‘thinner’ and the opposite was true when looking at earlier 
maturing girls who were found to be ‘fatter’ than later maturing adolescents girls 
(Wang, 2002:903). 
 
2.4.4.4 MATURATIONAL DIFFERENCES BETWEEN THE GENDERS 
 
When looking at the differences in the increase and levels of obesity between 
boys and girls, it can be explained simply by the biological systems that are so 
different, where boys require more energy than girls as they grow; the timing of 
maturation and the differences in the physical behaviour of the sexes also play a 
role (Kimani-Murage et al., 2010:11).  Another issue that arises with girls is that 
they are more conscious of their bodies and tend to form negative body images, 
which can lead to very detrimental eating disorders that can stay with them for 
life (Kimani-Murage et al., 2010:11).  Another interesting factor discussed in the 
study was fetal depravation, and how that leads to obesity, which then in itself 
explains why there is the double burden of under and over nutrition within the 
same communities (Kimani-Murage et al., 2010:11). 
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Obesity has a tendency to present itself during childhood when individuals are 
maturing.  The discrepancies between boys and girls can be summarised in the 
following way (Wisniewski and Chernausek, 2009:82): 
Girls:  
» have more fat mass 
» have a unique allocation of fat 
» are more sensitive to their family environment 
» are less susceptible to insulin 
Boys:  
» have higher levels of physical activity 
» gain more from being physically active 
» have less leptin in their systems 
» are not subjected to the effect that obesity has on some genes 
   
Biro et al. (2007:272) examined the influence of obesity on the timing of sexual 
maturation and found that if girls are obese they tend to reach sexual maturation 
earlier than their thinner counterparts.  They confirmed that early maturation in 
boys is in fact associated with lower levels of overweight. 
 
Neu, Rauch, Rittweger, Manz and Schoenau (2001:E103) earlier showed that 
pre-pubertal boys are able to generate higher hand grip forces than pre-pubertal 
girls.  At Tanner stage 3 in maturation, the forces between the genders levels off, 
but when boys reach Tanner stage 5, their grip strength increases, and continues 
to do so with age (Neu et al., 2001:E106).  There are more reasons for the 
maturational differences between boys and girls which can be attributed to three 
pubertal developments that are only applicable to boys (Neu et al., 2001:E107): 
1. Boys generally become taller than girls and with height comes longer 
bones which then determines the quantity and quality of the muscle mass 
and force; 
2. In puberty, the forearm length-to-body height ratio augments in boys, but 
not in girls, which contributes to point 1;  
3. Forearm muscles grow wider in boys compared to in girls.  
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In 1984, hand grip strength norms were developed by Newman, Pearn, Barnes, 
Young, Kehoe and Newman in Australia (1984:453).  They confirmed that at any 
age, girls have lower hand grip strength when compared to boys of the same age 
and at 18 years they showed that boys had hand grip strength on average 60% 
higher than girls of the same age.  The reasons for this are mentioned above by 
Neu et al. (2001:E107). 
 
When considering the measurements of obesity, mean BMI at the start of sexual 
maturation and puberty is significantly higher for girls that mature earlier, as was 
shown in Greek girls aged 6.8 to 16.1 years (Pantsiotou, Papadimitriou, Douros, 
Priftis, Nocolaidou and Fretzayaz, 2008:218).  It has also been shown that the 
earlier an individual matures, the longer the maturation process lasts, yet it does 
not affect the age at menarche.  Girls that mature earlier also have a greater 
ponderosity; however at the age of menarche, the earlier maturers are not 
necessarily heavier than their less heavy counterparts (Pantsiotou et al., 
2008:219).  One of the main findings from the THUSA BANA study showed that 
girls that have reached menarche have moderately higher mean percentage 
body fat (Kruger et al., 2006:351). 
 
2.4.4.5 MEASUREMENT OF MATURATION 
 
Many models have been designed to define both puberty and whether a child 
has reached maturity, but physical identification using the Tanner staging 
(Tanner, 1962) has been considered the primary standard against which all the 
other models are measured and therefore it is the most widely accepted method 
(Dorn et al., 2006:36).  This method is applicable in both boys and girls and 
consists of categorizing  any changes that occur with puberty, namely breast 
changes in girls, genital changes in boys and the growth of pubic hair in both girls 
and boys (Dorn et al., 2006:36). 
 
Tanner (1962) stages define maturation reached in adolescents and it is known 
as the Tanner Staging.  There are 5 stages and when looking at boys the 
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immature ones fall into categories 1 to 3 and mature boys fall into categories 4 to 
5.  The stages for boys are defined according to height changes, testes size, 
amount and texture of pubic hair and penis growth (FP Notebook, 2012:1-2).  For 
girls the stages are defined using breast development, height changes, amount 
and texture of pubic hair as well as other axillary hair developing and acne (FP 
Notebook, 2012:1-2).   
 
This model is considered invasive as it involves physical examination and 
scrutiny of a naked body.  Dorn et al. (2006:37) noted the issues with this method 
are that the teenagers don’t want to consent to this examination, discomfort for 
both the adolescent and the examiner can create tension and if the gender of the 
participant and examiner are different (Dorn et al., 2006:38-39).   
 
There are alternative means of measuring maturation in boys and girls, but due 
to the gender differences, the methods are completely different.  These two 
methods will be discussed below. 
 
2.4.4.5.1 MEASUREMENT OF MATURATION IN BOYS 
 
With regards to male adolescents, there is an alternative to the Tanner staging.  
By comparing the Tanner stages with height and grip strength, Backous, Farrow 
and Friedl (1990:497), obtained an alternative formula to help define maturation 
in boys.  After comparing the Tanner staging with the criteria defined using height 
and grip strength, it was ascertained that height and average grip strength were 
highly significant when used to determine maturation in boys (Backous et al., 
1990:498).  The study accurately classified 70.4% of the participants according to 
their height and average grip strength, when compared with the Tanner staging.  
Backous et al. (1990:498) clearly stated that the use of height and average grip 
strength is highly recommended when physical examination is deemed 
inappropriate.  They went further to say that these measures need to be used 
together as they are not as accurate when used separately (Backous et al., 
1990:499).   
141 
 
Grip strength is such a strong indicator of maturity as it measures the maximum 
isometric force that the hand and flexor muscles of the hand and forearm can 
exert (Top End Sports, 2012:1).  As a general rule, if an individual has strong 
hands, they will be strong in other muscle groups in their body and so it is 
considered a test of strength (Top End Sports, 2012:1).  Therefore the reason 
that the grip strength is used is due to the fact that when boys mature, their 
muscles become stronger and therefore are allowed to exert more force (Top 
End Sports, 2012:1). 
 
The effect that gender has on grip strength is also widely researched, as males in 
their teenage years, become considerably stronger than females the same age 
(Clerke, Clerke and Adams, 2005:26).  It is for this reason that grip strength is 
used as a measure for maturity in boys as it is relevant to their gender. 
 
2.4.4.5.2 CUT-OFFS FOR MATURATION IN BOYS 
 
Molenaar, Selles, Zuidam, Willemsen, Stam and Hovius (2010:221) developed 
an accurate and efficient method that could be used to verify grip strength means 
per age, gender and hand dominance.  With regards to the normative data for 
height in boys, the CDC has a growth chart that has been and still is widely used 
(CDC, 2000:1). 
 
This method of measuring maturity in boys is the most noninvasive and least 
time consuming as it only uses height and average hand grip strength.  The 
following cut-offs have been defined by Backous et al. (1990:498) using these 
two variables (height in cm and average grip strength in kg):  
• 4 = Height greater than or equal to 165 cm and grip strength greater than or 
equal to 25 kg 
• 3 = Height greater than or equal to 165 cm and grip strength less than 25 kg 
• 2 = Height less than 165 cm and grip strength greater than or equal to 25 kg 
• 1 = Height less than 165 cm and grip strength less than 25 kg 
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Based on the score achieved, the subjects are rated as more (score = 4) or less 
(score = 1) mature (Backous et al., 1990:498). 
 
2.4.4.5.3 MEASUREMENT OF MATURATION IN GIRLS 
 
With regards to female adolescents, they can be classified as having reached 
maturity with the onset of menarche (Bratberg et al., 2007:54).  It has been 
proven that short-term recall of age at menarche, is a reliable method to use to 
obtain the information needed.  This method is also noninvasive, quick, 
convenient and inexpensive (Bratberg et al., 2007:54).   
 
Time has shown that menarche is continuing to occur earlier and earlier in young 
girls, and this is accompanied with earlier breast development as well 
(Karapanou and Papadimitriou, 2010:117).  Menarche is influenced by many 
factors, namely maturational tempo, genetics, ethnicity, body fat, nutrition and 
physical activity as well as the environment in which the girls are present.  
Karapanou and Papadimitriou (2010:118) stated that the parameters of body 
measurements (BMI and height) are strongly associated with age at menarche.   
 
They went further to say that if a young girl has high levels of subcutaneous fat at 
the ages of 5 to 9 years; they have an increased chance of an early onset of 
menarche, which is seen as any age before 11 years.  Unfortunately, onset of 
menarche is negatively linked to hip circumference, as is early infancy weight 
gain from birth to 2 months and 2 to 9 months (Karapanou and Papadimitriou, 
2010:118-119).  With regards to nutrition, there is a correlation between 
increased energy intake at an early age, quality of the food eaten and an 
increased amount of animal protein consumed from the ages of 3 to 5 years with 
early onset of menarche (Karapanou and Papadimitriou, 2010:119).  Lastly, 
when a young girl takes part in at least 2 hours of any type of physical activity, it 
has been proven that menarche has a later onset, which suggests that regular 
vigorous activity, delays puberty (Karapanou and Papadimitriou, 2010:119).   
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The problems associated with early onset of menarche is an increase in body 
mass, the development of insulin resistance which can lead to Diabetes Mellitus 
and an increased risk of developing any one of the aspects of metabolic 
syndrome which relates to cardiovascular disease, increases in blood pressure, 
all-cause mortality and cancer mortality (Karapanou and Papadimitriou, 
2010:119).  On a more positive note, earlier maturing girls, have a higher bone 
mineral density due to the longer exposure to the hormones that play an 
essential role in bone development and therefore the risk for osteoporosis is 
lower (Karapanou and Papadimitriou, 2010:119-120).  Early onset of menarche is 
a risk marker for breast cancer due to the fact that with an increase in abdominal 
obesity there is an increase the level of insulin, testosterone and growth 
hormones, which increases mammary tissue (Karapanou and Papadimitriou, 
2010:120).    
 
Karapanou and Papadimitriou (2010:120) and Kažoka and Vētra (2007:170) 
noted that the age at which menarche occurs has very important health 
implications and is commonly used as an indicator that a girl has reached 
pubertal maturation, and it is considered the most reliable measure among all the 
biological factors.  It shows both the ecological and social influence on 
development and growth, and it varies between different races and individuals 
(Kažoka and Vētra, 2007:170).  Another consideration is that the age at which a 
female reaches menarche, is a sign of physical and biological development and 
has been found to highly correlate to the biological and social environment in 
which the girl grows up as well as the genetics passed down from her parents 
(Kažoka and Vētra, 2007:176).  Menarche is an established means of estimating 
maturity because it is objective, so comparisons can be made across races, 
generations and social classes (Kažoka and Vētra, 2007:176). 
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2.4.4.6 LIMITATIONS WHEN USING GRIP STRENGTH AND ONSET OF 
MENARCHE TO DEFINE MATURATION 
 
There are limitations to using age of onset of menarche to define maturation in 
girls due to the fact that when asked whether they have reached menarche, the 
girls will be able to identify “yes” or “no”, but it becomes trickier when they are 
asked for how long they have been menstruating and whether they can 
accurately remember to the month and day when it started.  This was shown in a 
study conducted by Bratberg et al. (2007:54) where self-reporting by the 
individual is overestimated in early stages of puberty and in children that were 
found to be obese.   Another limitation is that in some cases the parent or 
guardian has to provide the information in a consent form, so the recall of the 
parent or guardian also plays a large role in the definition of maturation (Bratberg 
et al., 2007:54). 
 
With hand grip strength, it is recommended that the average of four alternate 
hand measurements per participant be measured as it produces a more 
consistent and accurate result (Newman et al., 1984: 458).  This can become 
time consuming and confusing.  In this study, only 2 tests were conducted and 
both were using the dominant hand. 
 
2.4.4.7 CONCLUSIONS FROM RESEARCH 
 
The researcher of the current study decided against using the Tanner staging to 
ascertain maturation in the participants as it was not the primary objective of the 
research question and was measured to assist in determining the influence of 
maturation on body fatness.   
 
Studies conducted in 10 year old adolescents are done as previous studies have 
shown that the levels of overweight and obesity that are present at this age tend 
to endure into adulthood and it is a good age to use as a predictive means of 
what that child’s weight will be as an adult and therefore it has been said that this 
145 
 
is the age at which children should be targeted for interventions (Marild, 
Bondestam, Bergstrom, Ehnberg, Hollsing and Albertsson-Wikland, 2004:1594). 
 
Bratberg et al. (2007:54) in the HUNT study deduced that sexual maturation in 
girls, and not boys, was closely linked to overweight.  When there is both an 
increase in central adiposity and an early age at onset of menarche, there is 
definitely an increase in the probability of that adolescent becoming obese 
(Bratberg et al., 2007:54).  It was further found that these detrimental effects 
continue into late adolescence and will continue even after the biological growth 
process has taken place.  Being that maturation is found to occur earlier in 
overweight children than in less overweight children nutrition can negatively 
affect the rate of growth as well as puberty (Bratberg et al., 2007:54). 
 
This chapter gave an in depth overview of all the background information 
obtained.  It has provided justification for selected measurements with the 
methods and procedures used in the current study as well as relevant research 
that can be used to compare the current study’s results.  The following chapter 
will provide more specific details about the methods and procedures utilised in 
the current study to achieve the aims and objectives.   
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CHAPTER 3: METHODS AND PROCEDURES 
 
3.1 INTRODUCTION 
 
The focus of this chapter is to describe and explain the methods and 
procedures used to facilitate the outcome of this study.  Bearing in mind that 
this study aims to describe the body fatness of and to determine the incidence 
of obesity in Port Elizabeth school children, aged 10 to 12.99 years, a 
retrospective research approach was chosen. This chapter commences with a 
detailed explanation of the research design used in this study.  A description 
of the attributes of the participants who qualified for this study is also included.  
A summary of the questionnaire given to each participant’s 
parent/guardian/care giver is provided whilst the bulk of this chapter involves 
describing the measuring instruments used in this study.  Each test and/or 
measurement is individually addressed and includes a full description of any 
calculations used as well as a chronological description of the data collection 
process follows.  The latter section describes the various locations where data 
collection took place and why these particular locations were chosen, when 
the study commenced and from whom permission was requested and granted 
to collect data at these various locations.  This chapter concludes by 
describing the ethical aspects considered in this study as well as the statistical 
analyses employed to the data collected.  
 
3.2 RESEARCH DESIGN 
 
This study was exploratory and quasi-experimental in nature and utilized a 
quantitative approach.  Both the ex post facto and randomized one-group 
posttest only designs were implemented.  De Vos, Strydom, Fouche and 
Delport (2005:139) describe the ex post facto design to be relevant when data 
collection requires the observation of events or states after the fact, such as a 
current physical condition, and then searching the participant’s reported 
history for clues about how the event may be causally related.  This helps in 
suggesting hypothetical relationships, and asks the question: Did these 
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variables influence the way that these groups turned out?  The design does 
not however provide the controls needed to rule out the possibility of other 
influencing factors.  The randomised one-group posttest only design is used 
when a researcher is interested in the effects of a previous behaviour on a 
certain group of people (De Vos, Fouche and Delport, 2005:149).  A random 
sample was drawn from a specific geographical area over a certain period of 
time.  Data was collected using physical tests and questionnaires.  The ex 
post facto design was relevant to the current study as the data was collected 
to ascertain a specific physical condition and the variables that may have 
influenced that occurrence.  The randomised one-group posttest only design 
was applicable in the current study as the researcher examined a specific 
group of adolescents from a specific area and looked at certain actions that 
have influenced them.   
 
The results obtained from the participants selected for the purposes of this 
study were scrutinized to determine if the factors tested may have a possible 
relationship to the condition of body fatness. Consequently, a list of physical 
characteristics, foods eaten, physical activity habits and the socioeconomic 
statuses were determined to establish any such relationships.   
 
 3.3 PARTICIPANTS 
 
The sample relevant to this study included adolescents aged 10 years to 
12.99 years that attended eleven Port Elizabeth schools. To be included in 
this study, the participant had to have been: 
• Any boy or girl of any ethnic background that attended potential schools in 
the Port Elizabeth area that were conveniently sampled; 
• Aged 10 years to 12.99 years. 
 
A representative sample of 300 participants, proportional according to the 
socioeconomic status, was tested to allow for the results to be representative 
of the population.  The minimum sample that was considered was at least a 
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100, but this could have resulted in the representivity being compromised.  
Therefore a sample target of 300+ participants was set for this study. 
 
 A large number of potential schools to include in the study were conveniently 
sampled from all available and relevant schools in the Port Elizabeth district 
ensuring that the quintile categories were well represented by the schools in 
the population list.  Letters were written and delivered to all these schools, 
inviting their participation in the study.  Those schools who indicated their 
interest and willingness to participate were selected for inclusion in the study.  
A total of 11 schools eventually participated in the study from whom a 
representative sample of 30 children per school were randomly selected.  
 
In total, 143 male and 157 female children between the ages of 10 and 12.99 
years were tested.  A total of 214 children were representative of quintiles 4 
and 5 and were classified as ‘less poor’ socioeconomic schools while 86 
children were representative of quintile 3 and were classified as ‘more poor’ 
socioeconomic schools. 
 
3.4 MEASURING INSTRUMENT 
 
The following components and relevant variables were assessed during the 
present study: 
 
• Demographic Information, Socioeconomic Status and Maturation Status of 
Girls 
o Scores were recorded on the questionnaire sent to the parents of 
the participants (Appendix G) 
 
• Anthropometric Variables:  Height  
Weight   
Skinfolds  
Minimum Waist Circumference  
Maximum Hip Circumference  
149 
 
• Grip Strength Measurement (boys only) 
o The above anthropometric and grip strength scores were 
recorded on the Data Collection Sheet (Appendix H) 
 
• Fat Intake: 21-item Fat Measure for Dietary Intake (Edited for South 
African foods) 
o Scores were recorded on individual Fat Intake Questionnaires 
for each participant (Appendix I) 
 
• Levels of Physical Activity: International Physical Activity Questionnaire 
(IPAQ) 
o Scores were recorded on individual Physical Activity 
Questionnaires for each participant (Appendix J) 
 
The following variables were calculated from the above-mentioned 
measurements obtained: 
• Socioeconomic status of the participants 
• Level of maturation (for girls, according to menarche) 
• Level of maturation (for boys) 
• Body mass index (BMI) 
• Waist-to-hip ratio 
• Percentage body fat (%BF) and  
• Levels of fat intake 
• Levels of physical activity. 
 
Details pertaining to each of the components assessed or calculated are 
provided in the next sections. 
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3.4.1. DEMOGRAPHIC INFORMATION, SOCIOECONOMIC STATUS AND 
MATURATION STATUS OF THE GIRLS  
 
3.4.1.1. QUESTIONNAIRE 
 
The participants’ parents/guardians/care givers were requested to complete a 
personal information questionnaire prior to the commencement of the test 
battery. The aim of the questionnaire was to determine the following 
information: 
 
• The participant’s surname, name, gender, date of birth and age in 
years and months on the day the questionnaire was completed. 
 
• The participant’s parents/guardians/care givers surname as well as 
the area in which the participant lives;  
 
• The participant’s father or male guardian’s occupation as well as 
the participant’s mother or female guardian’s occupation;  
 
• A description of what means the participant’s uses to get to school 
and how far they have to travel to get to school;  
 
• A description of what medical conditions the participant may or may 
not have been afflicted with;   
 
• Specifically for the female participants, at what age in years and 
months they had started menstruation, and the participant’s 
parents/guardians/care givers was asked to indicate how certain 
they were of the date recorded. 
 
See Appendix G to view the entire questionnaire. 
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3.4.2 ANTHROPOMETRIC VARIABLES 
 
The anthropometric measurements are an integral part of this study as they 
allow the researcher to clearly define the limits for body fatness and report on 
the results obtained from the testing. To allow for a clear description, the 
measuring instruments and measuring procedures used in this study, 
excluding the questionnaire referred to in 3.4.1 are described in full in the 
following format:  
 
• reference(s) of the test/measurement (where content not included in 
the original reference was added, the relevant information was 
referenced appropriately) 
• purpose of test/measurement 
• equipment used 
• procedure adopted 
• number of trials (where applicable) 
• scoring 
• reliability and validity. 
 
3.4.2.1 HEIGHT 
 
 Reference of the test/measurement: Norton and Olds (1996:37). 
 
 Purpose of the test/measurement: To measure the standing height 
of the participants in order to calculate their BMI.   
 
 Equipment used:  
• A wooden plank 
• A steel tape measure 
• A flat surface against which the wooden plank with mounted 
steel tape measure was placed 
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 Procedure adopted: 
• The participant (barefooted) stood erect looking straight ahead 
with their heels, buttocks and the top part of the back in contact 
with the wooden plank with mounted steel tape measure;  
• The researcher positioned the participant’s head in the Frankfort 
plane (Malina et al., 2004:42);  
• The researcher then instructed the participant to take and hold a 
deep breath; 
• The head piece was placed on the participant’s head, 
depressing the hair to make firm contact;  
• The height from the ground to the bottom surface of the head 
piece was recorded from the steel tape measure; 
• The participant was then instructed to move away from the wall. 
 
 Scoring: The measurement was recorded while the participant was 
still standing with the head piece on their head, to the nearest 0.1cm. 
 
 Reliability and validity: Face validity is accepted. Anthropometric 
measures are considered reliable when measured by a qualified 
individual. 
 
3.4.2.2 WEIGHT 
 
 References of the test/measurement: Norton and Olds (1996:37-38) 
and Eston and Reilly (2001:20). 
 
 Purpose of the test/measurement: Body weight is a measure of body 
mass and was measured to aid in calculating the participants’ BMI.  A 
weight scale was used to measure their weight and the procedure 
relied on the participant standing still with no heavy objects on their 
person.  Although weight should be measured with the participant 
nude, this is often impractical and therefore the individual is often 
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attired in normal light clothing without shoes (Malina et al., 2004:42). 
The latter was the case in this study. 
 
 Equipment used:  
• A calibrated electronic scale (Beurer electronic digital scale: 
model: PS 07). 
• The scale was placed on a level surface 
 
 Procedure adopted:  
• The participant was barefoot, wearing their physical education 
clothing;  
• The electronic scale was zeroed before the participant stepped 
onto it; 
• The participant stood still and erect with his/her weight evenly 
distributed over the centre of the scale; 
• The participant was instructed to keep their head up and look 
straight ahead; 
• The measurement was then recorded. 
 
 Scoring: The measurement was recorded while the participant was 
still standing on the scale, once the electronic numbers had become 
fixed. The participant’s weight was recorded in kilograms to the nearest 
0.01kg. 
 
 Reliability and validity: Face validity is accepted. Anthropometric 
measures are considered reliable when measured by a qualified 
individual. 
 
3.4.2.3 SKINFOLDS 
 
Three skinfolds were measured, namely triceps, subscapular and medial calf 
skinfolds.  These measurements were expressed as a proportion of total 
skinfolds.  Each measure will be discussed separately.  
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3.4.2.3.1 Triceps skinfold as a proportion of total body fat percentage. 
 
 Reference of the test/measurement: Norton and Olds (1996:38-39, 
47). 
 
 Purpose of the test/measurement: To aid in calculating the 
participant’s total body fat percentage which further indicates the 
adolescent’s level of body fatness. 
 
 Equipment used: 
• A calibrated Harpenden Skinfold Caliper  
• Steel tape measure 
 
 Procedure adopted: 
• The participant stood relaxed, with the arm hanging loosely; 
• The researcher located the acromiale landmark by palpating 
along the spine of the scapula to the corner of the acromion on 
the right hand side of the participants, using the straight edge of 
a pencil to confirm the allocation thereof and then locating the 
most lateral and superior part on the mid-deltoid line when seen 
from the side.  The researcher then marked it using a pen; 
• The researcher then located the radiale landmark by palpating 
towards the lateral dimple of the right elbow and locating the 
space between the head of the radius and the humerus.  This 
was confirmed by the rotation of the forearm of the participants 
and marked it with a pen; 
• Using the steel tape measure, the researcher marked the middle 
distance between the acromiale and the radiale on the posterior 
side of the participants arm, and this is known as the mid-
acromiale-radiale line; 
• The researcher ensured this was the correct location by viewing 
it from the side where it was just visible;  
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• The researcher then raised a fold of skin and subcutaneous 
tissue that was both vertical and parallel to the line of the 
participants upper arm at this marked location using her left 
thumb and index finger; 
• Holding the caliper in the right hand at an angle of 90° to the 
surface of the skin and applying the edge of the plates on the 
caliper branches 1 cm below the fingers, the researcher allowed 
them to exert their full pressure before reading the thickness of 
the fold after two seconds; 
• The measurement was then taken and the process was 
repeated a second time after the other skinfolds were taken to 
reduce the effect of skinfold compressibility and for validity 
purposes.   
 
 Number of trials:  
• Two 
 
 Scoring: The participant’s tricep skinfold was recorded in millimeters to 
the nearest 0.1mm. The mean of the two measurements was used as 
the final measurement.  
 
 Reliability and validity: Face validity is accepted. Anthropometric 
measures are considered reliable when measured by a qualified 
individual.  The reliability of the measures is highly operator dependent 
and requires trained personnel. 
 
3.4.2.3.2 Subscapular skinfold as a proportion of total body fat percentage 
 
 Reference of the test/measurement: Norton and Olds (1996:47). 
 
 Purpose of the test/measurement: To aid in calculating the 
participant’s total body fat percentage which further indicates the 
adolescent’s level of body fatness. 
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 Equipment used: 
• A calibrated Harpenden Skinfold Caliper  
 
 Procedure adopted: 
• The participant stands relaxed with their arms at their sides; 
• The researcher palpates the inferior angle of the scapula to 
ascertain the lowest tip.  This location was marked using a pen; 
• The researcher then raised a fold of skin and subcutaneous 
tissue 2cm adjacent to the marked location in a direction which 
is obliquely downwards and outwards at 45°; 
• Holding the caliper in the right hand at an angle of 90° to the 
surface of the skin and applying the edge of the plates on the 
caliper branches 1 cm below the fingers, the researcher allowed 
them to exert their full pressure before reading the thickness of 
the fold after two seconds; 
• The measurement was then taken and the process was 
repeated a second time after the other skinfolds were taken to 
reduce the effect of skinfold compressibility and for validity 
purposes.   
 
 Number of trials:  
• Two 
 
 Scoring: The participant’s subscapular skinfold was recorded in 
millimeters to the nearest 0.1mm. The mean of the two measurements 
was used as the final measurement.  
 
 Reliability and validity: Face validity is accepted. Anthropometric 
measures are considered reliable when measured by a qualified 
individual.  The reliability of the measures is highly operator dependent 
and requires trained personnel. 
 
 
157 
 
3.4.2.3.3 Medial Calf skinfold as a proportion of total body fat percentage 
 
 Reference of the test/measurement: Norton and Olds (1996:53). 
 
 Purpose of the test/measurement: To aid in calculating the 
participant’s total body fat percentage which further indicates the 
adolescent’s level of body fatness. 
 
 Equipment used: 
• A calibrated Harpenden Skinfold Caliper  
• Steel tape measure 
 
 Procedure adopted: 
• The participant stood with their foot on a box with the knee bent 
at a 90° angle, with the calf relaxed;  
• The researcher then used the steel tape measure to determine 
the maximal circumference of the calf and this location was 
marked using a pen; 
• The researcher raised a vertical fold of skin and subcutaneous 
tissue on the medial aspect of the calf at the marked location.  A 
view from the front ensured that the most medial point was 
being measured (Norton and Olds, 1996); 
• Holding the caliper in the right hand at an angle of 90° to the 
surface of the skin and applying the edge of the plates on the 
caliper branches 1 cm below the fingers, the researcher allowed 
them to exert their full pressure before reading the thickness of 
the fold after two seconds; 
• The measurement was then taken and the process was 
repeated a second time after the other skinfolds were taken to 
reduce the effect of skinfold compressibility and for validity 
purposes. 
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 Number of trials:  
• Two 
 
 Scoring: The participant’s medial calf skinfold was recorded in 
millimeters to the nearest 0.1mm. The mean of the two measurements 
was used as the final measurement.  
 
 Reliability and validity: Face validity is accepted. Anthropometric 
measures are considered reliable when measured by a qualified 
individual.  The reliability of the measures is highly operator dependent 
and requires trained personnel. 
 
3.4.2.4 MINIMUM WAIST CIRCUMFERENCE 
 
 Reference of the test/measurement: Norton and Olds (1996:58). 
 
 Purpose of the test/measurement: In the pediatric setting, it is used 
as an indicator of adolescent obesity and related health risks.  
 
 Equipment used: 
• A steel tape measure  
 
 Procedure adopted: 
• The participant stood upright with the abdomen relaxed, arms at 
the side and feet together; 
• The researcher stood facing the participant and placed a steel 
tape measure around the participant’s natural waist (the obvious 
narrowing between the rib and iliac crest); 
• If there was no obvious waist, the smallest horizontal 
circumference in this region was used; 
• The measurement was taken at the end of a normal expiration 
(Norton and Olds, 1996). 
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 Number of trials:  
• Two 
 
 Scoring: The participant’s minimum waist circumference was 
measured in centimeters to the nearest 0.1cm. The mean was used as 
the final measurement. 
 
 Reliability and validity:  Face validity is accepted. Anthropometric 
measures are considered reliable when measured by a qualified 
individual.   
 
3.4.2.5 MAXIMUM HIP CIRCUMFERENCE 
 
 References of the test/measurement: Norton and Olds (1996:58) 
and Eston and Reilly (2001:23). 
 
 Purpose of the test/measurement: It can be used in conjunction with 
the measure of minimum waist circumference to calculate the waist-to-
hip ratio, which has been shown to be an excellent anthropometric 
predictor of coronary heart disease in the pediatric setting (Norton and 
Olds, 1996).  This ratio is also used as an indicator of adolescent 
obesity and related health risks. 
 
 Equipment used: 
• A steel tape measure  
 
 Procedure adopted: 
• The participant stood upright with the buttocks relaxed, feet 
together, preferably wearing shorts with their hands across their 
chest; 
• The researcher stood to one side of the participant and placed 
the steel tape measure around the hips at the horizontal level of 
the greatest gluteal protuberance (symphysis pubis); 
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• The researcher made sure that the tape was held at a horizontal 
level when taking the measurement (Norton and Olds, 1996); 
• The tape measure did not compress the skin (Eston and Reilly, 
2001); 
• The measurement was taken. 
 
 Number of trials:  
• Two 
 
 Scoring: The participant’s maximum hip circumference was measured 
in centimeters to the nearest 0.1cm. The mean was used as the final 
measurement. 
 
 Reliability and validity:  Face validity is accepted. Anthropometric 
measures are considered reliable when measured by a qualified 
individual.   
 
3.4.3 GRIP STRENGTH MEASUREMENT (BOYS ONLY) 
 
Maturation is an easy variable to measure, but the means of measuring are 
very different in boys and girls.  In boys it requires the measurement of height 
in cm and grip strength in kg.  The following section looks at grip strength in 
detail. 
 
 Reference(s) of the test/measurement: Kirby (1991:430). 
 
 Purpose of the test/measurement: To gauge the ability of the 
participant to exert maximum force with the flexor muscles of the hand 
and forearm.  This measure is used in conjunction with height to 
ascertain the level of maturity among boys. 
 
 Equipment used:  
• Takei grip strength hand dynamometer. 
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 Procedure adopted:  
• It was recorded whether the participant was left- or right-hand 
dominant; 
• The participant stood upright and relaxed holding the 
dynamometer in his dominant hand, at the side of his body with 
his thumb facing forward;  
• The knob to adjust the grip range was turned until the second 
joint of the participant’s forefinger was bent through 90°;  
• The participant extended his arm downwards, and gripped the 
instrument in his hand without letting the arms touch the rest of 
the body;  
• When the researcher gave the command, the participant 
squeezed the dynamometer with as much force as possible for 
2-5 seconds;  
• The dynamometer was not allowed to move during the 
measurement; 
• The measurement was taken. 
 
 Number of trials:  
• Two. 
 
 Scoring: The participant’s grip strength was measured in kilograms of 
force to the nearest 0.1kg (Kirby, 1991:430). The mean was used as 
the final measurement 
 
 Reliability and validity: Face validity is accepted.  
 
3.4.4 21-ITEM FAT MEASURE FOR DIETARY INTAKE (ADAPTED)  
 
The relationship between body fatness and dietary intake is constantly being 
questioned.  The most efficient and simple way to measure the amount of 
food an individual eats is by using a dietary intake questionnaire.  There is a 
natural assumption that body fatness is related to the amount of fat 
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consumed.  The 21-item fat measure is one of the questionnaires that have 
been developed for this purpose. 
 
 Reference(s) of the test/measurement: Prochaska, Sallis, and Rupp 
(2001:699).   
 
 Purpose of the test/measurement: To assess the frequency of 
consumption of 21 high-fat foods. 
 
 Equipment used:  
• 21-item Fat Measure for Dietary Intake (Adapted)  
• Pencil or pen 
 
 Procedure adopted:  
• The participants were all seated at desks; 
• The researcher clearly explained to all the participants, in a 
group format, what the questionnaire entailed and what was 
expected of them;  
• The researcher went through the questionnaire step-by-step 
with the participants, ensuring that the group all understood 
what was being asked of them; 
• The researcher used current examples of certain food types to 
help the participants to answer accurately;  
• Once all the participants had completed their questionnaires, the 
documents were collected from them;  
• When returning home after completing the testing, the 
researcher then calculated the subtotals and the total of high-fat 
foods consumed within the week period. 
 
 Number of trials:  
• One 
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 Reliability and validity:  The 21-item fat measure has been found 
valid for use among ethnically diverse samples and youth representing 
different developmental levels.  The 21-item fat measure meets the 
criteria of being brief, assessing a health-related dietary behaviour, 
demonstrating adequate reliability, and correlating significantly with a 
food record (Prochaska et al., 2001:705). 
 
3.4.5 INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE (IPAQ)  
 
The relationship between body fatness and physical activity has been 
reported in numerous studies.  The causal relationship between the two is 
very strong and that is why it is so important to measure physical activity 
when assessing body fatness.  The most efficient and simple way to measure 
the amount of physical activity an individual takes part in is by using a 
physical activity questionnaire.  The International Physical Activity 
Questionnaire is one of the questionnaires that have been developed for this 
purpose. 
 
 Reference(s) of the test/measurement: Short Last 7 Days Self 
Administered version of IPAQ (2001:2).  
 
 Purpose of the test/measurement: To provide a common instrument 
that can be used to obtain internationally comparable data on health 
related physical activity (IPAQ, 2001:2). 
 
 Equipment used:  
• International Physical Activity Questionnaire (IPAQ) 
• Pencil or pen 
 
 Procedure adopted:  
• The participants were all seated at desks; 
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• The researcher then clearly explained to all the participants, in a 
group format, what the questionnaire entailed and what was 
expected of them;  
• The researcher then went through the questionnaire step-by-
step with the participants, ensuring that the group all understood 
what was being asked of them; 
• The researcher used current examples of certain physical 
activities to help the participants to answer accurately;  
• Once all the participants had completed their questionnaires, the 
documents were collected from them;  
• When returning home after completing the testing, the 
researcher calculated the totals. 
 
 Number of trials:  
• One 
 
 Scoring: 
• ‘High’: This category describes higher levels of participation. The IPAQ 
Research Committee proposed a measure which equates to 
approximately at least one hour per day or more, of at least moderate-
intensity activity above the basal level of physical activity.  Considering 
that basal activity may be considered to be equivalent to approximately 
5000 steps per day, it is proposed that “high active” category be 
considered as those who move at least 12,500 steps per day, or the 
equivalent in moderate and vigorous activities.   
• ‘Moderate’: This category is defined as doing some activity, more than 
the low active category. It is proposed that it is a level of activity 
equivalent to “half an hour of at least moderate-intensity PA on most 
days”; 
• ‘Low’: This category is simply defined as not meeting any of the 
criteria for either of the previous categories. 
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 Reliability and validity: extensive reliability and validity testing was 
undertaken in 12 countries (14 sites) across 6 continents during 2000. 
The final results suggest that this measure has an acceptable 
measurement property for use in many settings and in different 
languages (Craig et al., 2003:1385). 
 
3.5 CALCULATED VARIABLES 
 
The above described anthropometric measures are of no use to the current 
study unless they are combined in a usable format. To do this, there are 
certain equations that are used to calculate the variables and convert them 
into a measurable factor that can be compared to the other participant’s 
results as well as the cut-offs for the particular variable.  These equations are 
discussed below. 
 
3.5.1 BODY FAT PERCENTAGE 
 
This measurement is more accurate in terms of defining body fatness, but is 
less commonly used in children as it is more invasive and time consuming 
then BMI.  
 
 Variables used:  Triceps, Calf and Subscapular Skinfolds 
 
 Calculation of measurement (Al-Sendi, Shetty and Musaiger, 
2003): 
• For all boys:% Body fat = 0.735(TSKF + CSKF) + 1.0 
• For girls with (TSKF + SSKF) less than or equal to 35 mm:  
% Body fat = 1.33(TSKF + SSKF) - 0.013 (TSKF + SSKF)2  - 2.5 
• For girls with (TSKF + SSKF) greater than 35 mm:  
% Body fat = 0.546(TSKF + SSKF) + 9.7 
• where CSKF is calf skinfold thickness, TSKF is triceps skinfold 
thickness, and SSKF is subscapular skinfold thickness. 
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3.5.1.1 BODY FAT PERCENTAGE CUT-OFFS FOR BOYS 
 
Cut-offs were tabulated and categorised into ‘underfat’, ‘healthy’, ‘overfat’ and 
‘obese’.  Table 12 shows the categories used for the boys. 
 
Table 12: Exact cut-offs used in the current study to categorise the boys 
Age Underfat Healthy Overfat Obese 
10.0 0 - 13% 13.1 – 23% 23.1 – 28% 28%< 
11.0 0 - 13% 13.1 – 23% 23.1 – 28% 28%< 
12.0 0 - 13% 13.1 – 23% 23.1 – 28% 28%< 
 
3.5.1.2 BODY FAT PERCENTAGE CUT-OFFS FOR GIRLS 
 
Cut-offs were tabulated and categorised into ‘underfat’, ‘healthy’, ‘overfat’ and 
‘obese’.  Table 13 shows the categories used for the girls:  
 
Table 13: Exact cut-offs used in the current study to categorise the girls 
Age Underfat Healthy Overfat Obese 
10.0 0 - 16% 16.1 – 28% 28.1 – 32% 32%< 
11.0 0 - 16% 16.1 – 24% 24.1 – 33% 33%< 
12.0 0 - 16% 16.1 – 24% 24.1 – 33% 33%< 
 
3.5.2 BODY MASS INDEX 
 
This is the most commonly used calculation to define body fatness in children 
as it is easy to measure and non-invasive. 
 
 Variables used:  Height and Weight measurements 
 Calculation of measurement: 
• BMI (kg/m2) = Weight (kilograms) 
   Height (meters2) 
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3.5.2.1 BODY MASS INDEX CUT-OFFS  
 
Table 14 shows the criteria that were defined per the three groupings for the 
current study according to the IASO (2012) cut-offs: 
 
Table 14: Body mass index cut-offs defined for the current study (IASO, 
2012) 
Age (years) Gender Underweight/Normal Overweight Obese 
10-10.9 Female 14.78> 14.79 to 24.61       24.62< 
 Male 14.79> 14.80 to 24.53 24.54< 
11-11.9 Female 15.30> 15.31 to 25.86 25.87< 
 Male 15.15> 15.16 to 25.55 25.56< 
12-12.9 Female 15.91> 15.92 to 27.04 27.05< 
 Male 15.59> 15.60 to 26.44 26.45< 
 
3.5.3 WAIST-TO-HIP RATIO 
 
This measurement is not used in children regularly, and in fact there are no 
defined cut off’s for this ratio for children.  The only available data on cut-offs 
that could be ascertained exists for adults.  The reason for this has been 
discussed in chapter 2.  
 
 Variables used:  Waist Girth and Hip Girth 
 Calculation of measurement: 
• Waist Girth (cm) ÷ Hip Girth (cm) = Waist-to-hip Ratio 
 
3.5.4 LEVEL OF MATURITY (BOYS ONLY) 
 
This measurement is defined using height and grip strength, and is only valid 
when measuring in boys.  
 
 Variables used:  Height (m) and average Grip Strength (kg) 
 Cut-offs of measurement (Backous et al., 1990): 
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• 4 = Height greater than or equal to 165 cm and grip strength greater 
than or equal to 25 kg 
• 3 = Height greater than or equal to 165 cm and grip strength less 
than 25 kg 
• 2 = Height less than 165 cm and grip strength greater than or equal 
to 25 kg 
• 1 = Height less than 165 cm and grip strength less than 25 kg 
Based on the score achieved, the subjects are rated as more (score 
= 4) or less mature (score = 1).   
 
3.5.5 MEASUREMENT OF FAT INTAKE 
 
This measurement was used to define the amount of fat each participant eats 
on a weekly basis.  Research showed that this questionnaire was age and 
country-appropriate (Prochaska et al., 2001:703). 
 
 Variables used:  21-item Fat Measure for Dietary Intake (Adapted) 
 Scoring (Prochaska et al., 2001:703): 
• Each column was subtotaled by multiplying the frequency of the 
participants consumption with the amount of times per week that 
the column indicated; 
• The frequency of the consumption of 21 high-fat foods was 
calculated by adding each subtotal from the columns; 
• The total ranged from 0 to 105; 
• Final scores of 16 or less are categorised as low fat intake and 
final scores of more than 16 are categorised as high fat intake. 
 
3.5.6 MEASUREMENT OF LEVELS OF PHYSICAL ACTIVITY 
 
This measurement was used to define the amount of time each participant 
engages in on a weekly basis.   
 
 Variables used:  International Physical Activity Questionnaire (IPAQ) 
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 Calculation of measurement: 
• The participant’s physical activity level is classified ‘high’, ‘moderate’ or 
‘low’; 
• The following values were used for the analysis of the IPAQ data:  
o Walking = 3.3 METs,  
o Moderate PA = 4.0 METs 
o Vigorous PA = 8.0 METs  
• Four continuous scores are defined: 
o Walking MET-minutes/week = 3.3 * walking minutes * walking 
days 
o Moderate MET-minutes/week = 4.0 * moderate-intensity activity 
minutes * moderate days 
o Vigorous MET-minutes/week = 8.0 * vigorous-intensity activity 
minutes * vigorous-intensity days 
o Total physical activity MET-minutes/week = sum of Walking + 
Moderate + Vigorous MET-minutes/week scores. 
• Based on the score achieved, the subjects are rated as having a low 
(<600 MET-minutes/week), moderate (600 MET-minutes/week) or high 
(3000 MET-minutes/week) level of activity (IPAQ, 2005).   
 
3.6 TRAINING OF ASSISTANTS 
 
During the data collection process, assistants were used as scribes and to 
help administer certain tests. All the skinfold measurements for all the 
participants were made by the researcher, as well as the conducting of the fat 
intake and physical activity questionnaires. The remaining measurements 
required help from the assistants; these were the Height measurement, the 
Weight measurement, the Minimum Waist Circumference measurement, the 
Maximum Hip Circumference measurement and the Grip Strength 
measurement.   All of the assistants used were trained before the data 
collection process commenced. All of the assistants used were Biokinetics 
Interns or Biokinetics Honours students from the NMMU BSSU, and thus were 
trained in test administration. All assistants were however made to practice 
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the various tests prior to assisting in the evaluations. All the assistants were 
trained to answer certain questions the participants might have regarding the 
testing procedure, or whilst the researcher was administering the fat intake 
and physical activity questionnaires and the informed assent form.  
 
3.7 COMPETENCE OF THE RESEARCHER 
 
The researcher completed both her undergraduate and postgraduate training, 
which consists of 40 hours of practical and theoretical content in 
anthropometric measurements.  The researcher has no formal certificate 
stating that she is a qualified anthropometrist, but if this certification was 
applied for, the researcher would achieve the equivalent of a level 2 
anthropometrist with the exposure and assessments that she underwent.  In 
terms of the questionnaires, the researcher insured she was fully comfortable 
with the content and administration thereof as indicated and precautions were 
taken to insure that adequate compliance of the participants was adhered to. 
 
3.8 STUDY DESIGN 
 
Permission to conduct the study in the Port Elizabeth schools was sought 
from the Eastern Cape Department of Education (Appendix B).  The 
researcher consulted an education specialist at the Eastern Cape Department 
of Education and was given a list of recommended schools that were deemed 
appropriate for the research.  The selection included Model C schools, 
Northern Area schools and Township schools.  The researcher distributed 
written requests (Appendix C) to all the recommended schools in Port 
Elizabeth, along with proof of the NMMU ethics approval and the Education 
Departments approval.  The researcher then relied on the said schools 
responding to the request.  When there had not been a response after two 
weeks, the researcher contacted the schools telephonically.  It was at this 
stage that the researcher was either invited or turned down to conduct the 
testing.  When the researcher was invited to conduct the testing at the school, 
sufficient copies of the consent form and General Information questionnaire 
were dropped off at the school to be distributed to the parents of the selected 
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pupils.  The researcher requested that the principal randomly select between 
30 and 40 pupils falling into the specified age group.  This procedure was 
followed so as to reduce the presence of researcher bias.  Once the school 
received these forms back from the pupils, the principal then contacted the 
researcher and a date for the testing to be conducted was scheduled.  The 
data collection process of this study commenced in Port Elizabeth in 
September 2007.  All the testing was conducted on the respective schools’ 
properties with the supervision of a teacher or staff member with whom the 
participants were comfortable.  An adequately sized room was selected and 
prepared for the testing.  The researcher supplied all the testing equipment 
and stationary.   
 
From September 2007 to July 2008, data collection took place at eleven 
primary schools in Port Elizabeth with a quintile rating of 3, 4 or 5 and yielding 
the following number of participants:  
 
Table 15: The distribution of schools according to suburb 
representation in the current study 
School N Suburb Quintile 
1 20 Booysens Park 4 
2 32 Gelvandale 4 
3 27 Mill Park 5 
4 21 Rowallan Park 5 
5 25 Mount Croix 5 
6 20 Lorraine 5 
7 28 Motherwell 3 
8 23 Gelvandale 3 
9 35 New Brighton 3 
10 39 Sunridge Park 5 
11 30 Walmer 5 
Total 300   
 
172 
 
There were 162 participants from quintile 5 schools and 138 participants from 
quintile 3 and 4 schools. 
 
All participants were required to complete an assent form. Prior to 
commencing with each individual test or measurement, a full explanation 
including applicable demonstrations was given. The participants were given 
the opportunity to ask questions and to gain clarity regarding the pending 
procedures. Only once the participant had a full understanding of what was 
expected of them did the test/measurement commence. 
 
The steps involved in conducting the current study is summarised as follows: 
Step 1: Proposal Submitted To FRTI; 
Step 2: Accepted or requested to Re-submit with correction; 
Step 3: Approved Proposal Submitted TO REC-H; 
Step 4: Permission Requested From the Eastern Cape Education  
            Department; 
Step 5: Permission Requested from all Primary Schools in the Port Elizabeth     
            Area; 
Step 6: If there was no response then the schools were phoned; 
   The second response could have been a ‘No’; 
Step 7: If the answer was yes, then the consent forms were dropped off and                
            given to the chosen participants to take home and have completed by  
            their parents; 
Step 8: A date was set with the selected schools at which time the  
            questionnaires were completed with the participants; 
Step 9: The tests and measurements were conducted over a period of 10     
            months 
    
3.9 ETHICS CONSIDERED 
 
Approval by the NMMU Human Ethics Committee was sought before 
commencing this study. Permission was formally granted by the REC-H 
committee at the Nelson Mandela University, and the ethics number was 
provided.  All participation in this study was voluntary and, all participants 
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were made aware of this fact before agreeing to participate. All the 
participants’ parents/guardians/care givers were required to sign an informed 
consent form in the privacy of their homes (see Appendix E).  The Informed 
Consent form contained all the necessary information explaining all of the 
above as well as details pertaining to the test battery. Participants were 
encouraged to ask questions during the data collection process or to voice 
any concerns they might have regarding any testing procedure. Participants’ 
results were treated confidentially during the data collection process as well 
as in the result sheets sent to each school. Each participant maintained 
anonymity and the participants names were only known to the researcher.   
 
3.10 STATISTICAL ANALYSIS 
 
The help of a qualified statistician, from the Nelson Mandela Metropolitan 
University, was enlisted. Descriptive statistics were used to describe the 
children’s results.  Measures’ means and medians and standard deviations 
were reported.  These descriptive statistics allowed for further inferential 
statistics to be conducted and from these tests the significance of the 
compared variables was reported.  From the results the correlations between 
certain variables were also ascertained and allowed the researcher to make 
conclusions.   
 
The above chapter discussed in detail the aims and objectives as well as the 
entire testing methods and procedures.  It provides reasoning for the use of 
the measurements.  Chapter 4 goes into great detail about the statistical 
analysis mentioned in section 3.10.     
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CHAPTER 4: RESULTS 
 
4.1 INTRODUCTION 
 
The aim of this study was to explore and describe body fatness among 10 to 12 
year old adolescents attending schools in the Port Elizabeth area and to 
determine the association of selected health risk factors with this phenomenon.  
This was done by applying a selected test battery to a defined group of selected 
children.  The results obtained were statistically analyzed and this chapter 
describes the results and the findings obtained from them.   
 
The results are presented in various ways: as tables, box and whisker plots and 
pie charts, which aids in the analysis thereof.  Firstly this chapter deals with the 
descriptive statistics, presenting means, standard deviations and frequencies.  
The second part of this chapter deals with the inferential statistics and section 4.3 
gives a more detailed description of the procedures employed.  This chapter 
concludes by discussing the final results from the statistical analysis. 
 
4.2 DESCRIPTIVE STATISTICS 
 
In this section each test/measurement used in this study is discussed separately 
in its entirety and reference is made to mean values and standard deviations for 
each of the variables assessed.  Box and whisker plots were used to show the 
distribution of selected variables.   
 
4.2.1 AGE 
 
Figure 4 depicts the distribution of the participants according to their age.  The 
relevant age groups are evenly distributed between the three groups.   
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Figure 4: A pie chart showing the distribution of the 
participants per age 
 
4.2.2 GENDER 
 
Figure 5 reflects the distribution of the participants according to their gender and 
indicates that boys are girls overall were equally distributed. 
 
 
Figure 5: A pie chart showing the distribution of the 
participants per gender 
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4.2.3 AGE AND GENDER 
 
Figure 6 depicts the distribution of the participants according to their age and 
gender.  There is a fairly equal distribution with the 10 and 12 year old boys 
being slightly less represented in numbers. 
 
 
Figure 6: A pie chart showing the distribution of the 
participants per age and gender 
 
4.2.4 HEIGHT 
 
Table 16 provides descriptive statistics of the height of the participants and 
indicates that the overall mean height is 145.70cm. 
 
Table 16: Descriptive statistics regarding the height (cm) of the participants 
    Height 
Age Gender Mean N Std. Dev. 
10 Girls 140.30 56 7.65 
11 Girls 146.90 51 6.69 
12 Girls 154.84 50 7.32 
10 Boys 137.98 40 7.70 
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Table 16 continued 
11 Boys 143.29 56 7.09 
12 Boys 150.54 47 9.20 
10 - 12 Girls 147.08 157 9.36 
10 - 12 Boys 144.19 143 9.37 
10 Girls & Boys 139.33 96 7.71 
11 Girls & Boys 145.01 107 7.10 
12 Girls & Boys 152.76 97 8.52 
All Groups 
 
145.70 300 9.46 
 
The tallest participants, on average, were found in the 12 year old girls, and the 
shortest participants were the 10 year old boys.  The girls were taller overall than 
the boys.  Research shows that adolescent boys tend to be taller than adolescent 
girls once they have reached maturity, however in the current study, as will be 
reported later on in this chapter, there were only 3 boys who had reached 
maturity.  This may have had an effect on the height distribution amongst the 
boys.  In addition, if the boys have not matured yet, they are less likely to have 
gotten taller.  The distribution of height is seen in Figure 7 below.  The median 
height was 145.6 cm. 
 
Figure 7: Box and whisker plot showing the distribution 
of height of the total study population 
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4.2.5 WEIGHT 
 
Table 17 gives the statistics of the weight of the participants and indicates that 
the overall mean weight was 43.65 kg. 
 
Table 17: Descriptive statistics regarding the weight (kg) of the participants 
    Weight 
Age Gender Mean N Std. Dev. 
10 Girls 39.98 56 12.80 
11 Girls 45.99 51 13.28 
12 Girls 53.53 50 17.40 
10 Boys 36.24 40 9.82 
11 Boys 38.85 56 10.11 
12 Boys 46.99 47 9.54 
10 - 12 Girls 46.25 157 15.51 
10 - 12 Boys 40.79 143 10.75 
10 Girls & Boys 38.42 96 11.74 
11 Girls & Boys 42.25 107 12.21 
12 Girls & Boys 50.36 97 14.46 
All Groups   43.65 300 13.71 
 
The heaviest participants, on average, were the 12 year old girls and the least 
heavy participants were the 10 year old boys.  The girls were the heaviest 
overall.  The distribution of weight is shown in Figure 8 below.  The median 
weight was 40.65 kg.   
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Figure 8: Box and whisker plot showing the distribution 
of weight of the total study population 
 
4.2.6 BODY FAT PERCENTAGE 
 
Table 18 gives the descriptive statistics of the body fat percentage of the 
participants which were obtained from the skinfold measurements taken and 
calculated by the Slaughter (1988) equations.  The results indicate that the 
overall mean body fat percentage is 23.32%. 
 
Table 18: Descriptive statistics regarding the body fat percentage of the 
participants according to their age and gender 
    Body Fat Percentage 
Age Gender Mean N Std. Dev. 
10 Girls 24.15 56 9.75 
11 Girls 24.08 51 7.79 
12 Girls 24.50 50 7.08 
10 Boys 22.07 40 12.70 
11 Boys 21.11 56 9.73 
12 Boys 23.95 47 9.73 
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Table 17 continued 
10 - 12 Girls 24.24 157 8.29 
10 - 12 Boys 22.31 143 10.64 
10 Girls & Boys 23.29 96 11.06 
11 Girls & Boys 22.52 107 8.95 
12 Girls & Boys 24.23 97 8.43 
All Groups   23.32 300 9.52 
 
The participants with the highest body fat percentage were the 12 year old girls 
with a mean of 24.50%.  Overall the girls had a higher body fat percentage than 
the boys and the 12 year olds had the highest percentage out of the age groups.  
This was expected as more girls than boys have reached maturity.  Figure 9 
shows that the median body fat percentage was 21.47%.  
 
 
Figure 9: Box and whisker plot showing the distribution 
of body fat percentage of the total study population 
 
4.2.6.1 BODY FAT PERCENTAGE CATEGORIES 
 
Table 19 gives a clear picture of the distribution of the participants per age, per 
gender and per age per gender in each body fat percentage category. 
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Table 19: Distribution of participants across the body fat percentage 
categories per age, per gender and per age per gender 
 
Table 19 clearly depicts that majority of the girls were overweight (43.3%) and 
majority of the boys were healthy (48.3%).  When considering age, majority of 
the 10, 11 and 12 year olds were healthy (38.5%, 46.7% and 43.3% 
respectively).      
 
4.2.7 BODY MASS INDEX 
 
Table 20 depicts the descriptive statistics of the body mass index (kg/m2) of the 
participants and indicates that the overall mean BMI was 20.26 kg/m2. 
 Body Fat Categories  
Age Gender 
Underfat 
n (%) 
Healthy 
n (%) 
Overweight 
n (%) 
Obese 
n (%) 
Total 
n (%) 
10 Girls 11 (19.6) 23 
(41.1) 
19 (33.9) 3 (5.4) 56 (100) 
11 Girls 8 (15.7) 19 
(37.3) 
23 (45.1) 1 (2) 51 (100) 
12 Girls 5 (10) 18 (36) 26 (52) 1 (1) 50 (100) 
10 Boys 12 (30) 14 (35) 4 (10) 10 (25) 40 (100) 
11 Boys 8 (14.3) 31 
(55.4) 
3 (5.4) 14 (25) 56 (100) 
12 Boys 3 (6.4) 24 
(51.1) 
5 (10.6) 15 
(31.9) 
47 (100) 
10 - 
12 
Girls 
24 (15.3) 60 
(38.2) 
68 (43.3) 5 (3.2) 157 
(100) 
10 - 
12 
Boys 
23 (16.1) 69 
(48.3) 
12 (8.4) 39 
(27.3) 
143 
(100) 
10 
Girls & 
Boys 
23 (24) 37 
(38.5) 
23 (24) 13 
(13.5) 
96 (100) 
11 Girls & 
Boys 
16 (15) 50 
(46.7) 
26 (24.3) 15 (14) 
 
107 
(100) 
12 Girls & 
Boys 
8 (8.2) 42 
(43.3) 
31 (32) 16 
(16.5) 
97 (100) 
All Groups 47 (15.7) 129 (43) 80 (26.7) 44 (14.7) 
300 
(100) 
182 
 
Table 20: Descriptive statistics regarding the body mass index of the 
participants according to their age and gender 
  
Body Mass Index 
Age Gender Mean N Std. Dev. 
10 Girls 19.98 56 4.90 
11 Girls 21.17 51 5.24 
12 Girls 22.11 50 6.06 
10 Boys 18.86 40 4.08 
11 Boys 18.75 56 3.72 
12 Boys 20.65 47 3.56 
10 - 12 Girls 21.04 157 5.44 
10 - 12 Boys 19.41 143 3.85 
10 Girls & Boys 19.51 96 4.58 
11 Girls & Boys 19.90 107 4.65 
12 Girls & Boys 21.40 97 5.03 
All Groups   20.26 300 4.81 
 
The participants with the highest BMI were the 12 year old girls with a mean of 
22.11 kg/m2.  Overall the girls had a higher BMI than the boys and the 12 year 
olds had the highest BMI out of the age groups.  Figure 10 shows that the overall 
median BMI was 19.05 kg/m2. 
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Figure 10: Box and whisker plot showing the 
distribution of the body mass index of the total study 
population 
 
4.2.7.1 BODY MASS INDEX CATEGORIES 
 
Table 21 gives a clear picture of the distribution of the participants per age, per 
gender and per age per gender in each BMI category. 
 
Table 21: Distribution of participants across the body mass index 
categories per age, per gender and per age per gender 
 Body Mass Index Categories  
Age Gender 
Thin/Normal 
n (%) 
Overweight 
n (%) 
Obese 
n (%) 
Total 
n (%) 
10 Girls 8 (14.3) 35 (62.5) 13 (23.2) 56 (100) 
11 Girls 5 (9.8) 36 (70.6) 10 (19.6) 51 (100) 
12 Girls 2 (4) 38 (76) 10 (20) 50 (100) 
10 Boys 4 (10) 30 (75) 6 (15) 40 (100) 
11 Boys 7 (12.5) 46 (82.1) 3 (5.4) 56 (100) 
12 Boys 1 (2.15) 45 (95.7) 1 (2.15) 47 (100) 
10 - 12 Girls 15 (9.6) 109 (69.4) 33 (21) 157 (100) 
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 Table 21 clearly depicts that majority of the girls were overweight (69.4%) and so 
too were the boys (84.6%).  When considering age, majority of the 10, 11 and 12 
year olds were overweight (67.7%, 76.6% and 85.6% respectively).        
 
4.2.8 WAIST-TO-HIP-RATIO 
 
Table 22 provides the descriptive statistics of the waist-to-hip-ratio of the 
participants and indicates that the overall mean waist-to-hip ratio was 0.80. 
 
Table 22: Descriptive statistics regarding the waist-to-hip-ratio of the 
participants according to their age and gender 
    Waist-to-hip-ratio 
Age Gender Mean N Std. Dev. 
10 Girls 0.80 56 0.07 
11 Girls 0.79 51 0.05 
12 Girls 0.77 50 0.05 
10 Boys 0.84 40 0.11 
11 Boys 0.81 56 0.06 
12 Boys 0.81 47 0.05 
10 - 12 Girls 0.79 157 0.06 
10 - 12 Boys 0.82 143 0.08 
10 Girls & Boys 0.82 96 0.09 
11 Girls & Boys 0.80 107 0.06 
12 Girls & Boys 0.79 97 0.05 
All Groups   0.80 300 0.07 
Table 21 continued 
10 - 12 Boys 12 (8.4) 121 (84.6) 10 (7.0) 143 (100) 
10 Girls & Boys 12 (12.5) 65 (67.7) 19 (19.8) 96 (100) 
11 Girls & Boys 12 (11.2) 82 (76.6) 13 (12.1) 107 (100) 
12 Girls & Boys 3 (3.1) 83 (85.6) 11 (11.3) 97 (100) 
All Groups 27 (9) 230 (79.7) 43 (14.3) 300 (100) 
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The participants with the highest ratio were the 10 year old boys, with the boys 
and the total 10 year old group having the highest ratios generally.  The boys had 
a higher waist-to-hip ratio than the girls, which reflects the adult trend.  Figure 11 
shows that the overall median waist-to-hip ratio was 0.78. 
 
 
Figure 11: Box and whisker plot showing the 
distribution of waist-to-hip ratio of the total study 
population 
 
4.2.9 SOCIOECONOMIC STATUS 
 
Table 23 depicts the descriptive statistics of the socioeconomic status of the 
participants and indicates that the overall mean percentage distribution between 
the less poor and more poor participants 71.3% and 28.7% respectively. 
 
Table 23: Descriptive statistics regarding the socioeconomic status of the 
participants according to their age and gender 
  Socioeconomic Status Categories 
Age Gender 
Less Poor 
n (%) 
More Poor 
n (%) 
Total  
n (%) 
10 Girls 43 (76.8) 13 (23.2) 56 (100) 
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Table 23 continued 
11 Girls 34 (66.7) 17 (33.3) 51 (100) 
12 Girls 38 (76) 12 (24) 50 (100) 
10 Boys 25 (62.5) 15 (37.5) 40 (100) 
11 Boys 40 (71.4) 16 (28.6) 56 100) 
12 Boys 34 (72.3) 13 (27.7) 47 (100) 
10 - 12 Girls 115 (73.2) 42 (26.8) 157 (100) 
10 - 12 Boys 99 (69.2) 44 (30.8) 143 (100) 
10 Girls & Boys 68 (70.8) 28 (29.2) 96 (100) 
11 Girls & Boys 74 (69.2) 33 (30.8) 107 (100) 
12 Girls & Boys 72 (74.2) 25 (25.8) 97 (100) 
All Groups 214 (71.3) 86 (28.7) 300 (100) 
 
Table 23 indicates that the girls overall contributed the most to the ‘less poor’ 
group (73.2%).  Of the boys 30.8% of them contributed to the ‘more poor’ group 
and 69.2% of them to the ‘less poor’ group.  Overall, majority of the participants 
were present in the ‘less poor’ group. 
 
4.2.10 PHYSICAL ACTIVITY 
 
Table 24 demonstrates the descriptive statistics of the physical activity (in met-
min/week) of the participants and indicates that the overall mean physical activity 
was 3236.67 met-min/week. 
 
Table 24: Descriptive statistics regarding the met-min/week of physical 
activity of the girl participants according to their age  
    Physical Activity 
Age Gender N Mean Std. Deviation 
10 Girls 41 2764.60 1901.80 
11 Girls 36 3156.18 1863.63 
12 Girls 39 2807.32 2119.09 
10 Boys 46 3803.52 2299.12 
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Table 24 continued 
11 Boys 46 2763.28 1663.67 
12 Boys 40 4104.09 2036.23 
10 - 12 Girls 126 2777.34 1875.99 
10 - 12 Boys 122 3711.05 2110.16 
10 Girls & Boys 77 2947.68 1881.95 
11 Girls & Boys 85 3346.44 2261.10 
12 Girls & Boys 86 3386.91 1954.54 
All Groups 
 
248* 3236.67 2044.79 
*Please note the Physical Activity values greater than 7500 were omitted as recommended by IPAQ. That is 
why there are fewer participants reflected here. 
 
Table 24 indicates that the 12 year old boys are the most active of all the 
participants with a mean level of 4104.09 met-min/week.  The boys in general 
and the total group of 12 year olds in general were the most active, although the 
latter is due to the effect of the 12 year old boys’ high score on this mean value.  
Figure 12 indicates that the median level of physical activity was 3591.2 met-
min/week. 
 
 
Figure 12: Box and whisker plot showing the 
distribution of physical activity of the total study 
population 
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4.2.11 FAT INTAKE 
 
In Table 25, the descriptive statistics of the fat intake of the participants are 
depicted indicating that the overall mean fat intake was 25.93. 
 
Table 25: Descriptive statistics regarding the fat intake of the participants 
according to their age and gender 
    Fat Intake 
Age Gender Mean N 
10 Girls 27.45 56 
11 Girls 29.24 51 
12 Girls 23.68 50 
10 Boys 24.05 40 
11 Boys 25.68 56 
12 Boys 24.85 47 
10 - 12 Girls 26.83 157 
10 - 12 Boys 24.95 143 
10 Girls & Boys 26.03 96 
11 Girls & Boys 27.37 107 
12 Girls & Boys 24.25 97 
All Groups   25.93 300 
 
Table 25 indicates that the 11 year old girl participants consumed fatty foods 
most often, with a mean score of 29.24 and the 12 year old girls consumed fatty 
foods the least often (23.68).  In general the girls and the 11 year olds consumed 
fatty foods the most often.   
 
4.2.12 MATURATION 
 
Table 26 provides the descriptive statistics of the maturation frequency of the 
participants. 
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Table 26: Descriptive statistics regarding the maturation frequency of the 
participants depicted according to their age and gender 
  Maturation 
Age Gender 
Mature 
n (%) 
Not Mature 
n (%) 
Total 
n (%) 
10 Girls 2 (3.6) 54 (96.4) 56 (100)  
11 Girls 6 (11.8) 45 (88.2) 51 (100) 
12 Girls 13 (26) 37 (74) 50 (100) 
10 Boys 0 (0) 40 (100) 40 (100) 
11 Boys 0 (0) 56 (100) 56 (100) 
12 Boys 3 (6.4) 44 (93.6) 47 (100) 
10 - 12 Girls 21 (13.4) 136 (86.6) 157 (100) 
10 - 12 Boys 3 (2.1) 140 (97.9) 143 (100) 
10 Girls & Boys 2 (2.1) 94 (97.9) 96 (100) 
11 Girls & Boys 6 (5.6) 101 (94.4) 107 (100) 
12 Girls & Boys 16 (16.5) 81 (83.5) 97 (100) 
All Groups 24 (8) 276 (92) 300 (100) 
 
Table 26 indicates that only 3 (2.1%) of the 12 year old boys had reached 
maturity and that 21 (13.4%) of the girls had too.  The most mature participants 
were the 12 year old girls.  As the age increases so too does the incidence of 
mature children with the highest number of mature participants being found in the 
12 year olds group at 16.5%.  More of the girl participants were mature, at a level 
of 13.4% with only 2.1% of the boy participants were mature.   
 
4.3 STATISTICAL INFERENTIAL ANALYSES 
 
Inferential procedures were performed to ascertain what the relationship between 
different variables was and whether or not they were statistically or practically 
significant.  Pearson Product Moment Correlation Coefficient (from here on 
referred to as the Pearson Correlation) is used when examining the relationship 
between numerical variables.  When examining the relationships between two or 
more categorical variables the Chi-Square test is used in conjunction with 
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Cramér's V as a measure of the practical significance.  Cramér's V is divided into 
three levels, V=0.1 defining small practical significance, V=0.3 defining medium 
practical significance and 0.5 defining large practical significance.  When 
comparing two groups on a numerical variable the t-test is used in conjunction 
with Cohen’s d as a measure of the practical significance.  ANOVA is used when 
comparing more than two groups and it is followed by a post-hoc test (Duncan) 
when there are significant results.  Cohen’s d is then used to ascertain practical 
significance.  Where a statistically significant results was found (i.e. p<.05) 
between two variables, both the statistical and practical significance values were 
given. If a variable did not prove to be statistically significant, the practical 
significance value was not given.   
 
4.3.1 INFERENTIAL STATISTICS REGARDING BODY FAT PERCENTAGE 
 
4.3.1.1 INFERENTIAL STATISTICS COMPARING BODY FAT 
CATEGORIES 
 
Table 27 depicts the inferential statistics comparing the body fat categories per 
age and per gender. 
 
Table 27: Inferential statistics comparing body fat percentage categories 
per age and per age per gender 
Relationship to 
BF% Categories 
Chi-
Square 
values 
p df Cramér’s V 
Age 10.290 0.113 6 0.131 
Gender 65.611 0.000 3 0.468 
Age (Girls only) 5.148 0.525 6 0.128 
Age (Boys only) 11.371 0.780 6 0.199 
 
As can be seen in Table 27, there is only one relationship that is significant and 
that is between the body fat categories and gender, with p=0.000 and Cramér’s 
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V=0.468.  This means that the relationship is both statistically significant and has 
a large practical significance.  The other relationships show no significant results. 
 
4.3.1.2 RELATIONSHIP BETWEEN BODY FAT PERCENTAGE AND 
HEIGHT 
 
Table 28 examines the correlation between body fat percentage and height in all 
the participants according to age and gender and the significance is described 
(2-tailed). 
 
Table 28: Correlation between body fat percentage and height in all age 
groups per gender 
 
Correlation between BF% and Height 
Age Gender N Pearson Correlation 
10 Girls 56 0.422** 
11 Girls 51 0.201      
12 Girls 50 0.396** 
10 Boys 40 0.321* 
11 Boys 56 0.295* 
12 Boys 47 -0.007 
* = p < 0.05; ** = p < 0.01 
 
Table 28 above shows that there the most significant relationship between height 
and body fat percentage is found in 10 year old girls as the Pearson correlation 
coefficient is 0.422 which indicates a medium to high practical significant 
relationship between the two variables.  The correlation in 12 year old girls has 
medium practical significance.  However the correlation coefficient for the 10 and 
11 year old boys was smaller.  There was a negative correlation between height 
and body fat percentage for the 12 year old boys but it was not significant and 
almost non-existent (r=-0.007). 
 
Significant correlation between height and body fat percentage was found in the 
girl participants.  There were two significant correlations for the 10 and 11 year 
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old boys (r=0.321*, r=0.295*), but the 10 and 12 year old girls had higher 
correlations (r=0.422**, r=0.396**).   
 
4.3.1.3 RELATIONSHIP BETWEEN BODY FAT PERCENTAGE AND 
WEIGHT 
 
Table 29 depicts the correlation between body fat percentage and weight in all 
the participants according to age and gender and the significance is described 
(2-tailed). 
 
Table 29: Correlation between body fat percentage and Weight in all age 
groups per gender 
 
Correlation between body fat percentage and Weight 
Age Gender N Pearson Correlation 
10 Girls 56 0.828** 
11 Girls 51 0.853** 
12 Girls 50 0.899** 
10 Boys 40 0.888** 
11 Boys 56 0.814** 
12 Boys 47 0.670** 
* = p < 0.50; ** = p < 0.01 
 
Table 29 above shows a very strong positive relationship between body fat 
percentage and weight in all the groups, which is to be expected.  All the 
correlations are statistically significant and since they are all greater than 0.05, 
they are also of large practical significance.  The highest correlation (r=0.899**) is 
depicted for the 12 year old girls.  The lowest correlation, though still of large 
practical significance, was for the 12 year old boys.  These positive correlations 
mean that the heavier the participant, the higher the body fat percentage which is 
what is expected.  In girls it is expected that they should gain weight with age due 
to the body preparing for reproduction and therefore the body fat percentage 
increases.  
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4.3.1.4 RELATIONSHIP BETWEEN BODY FAT PERCENTAGE AND BODY 
MASS INDEX 
 
Table 30 indicates the correlation between body fat percentage and BMI in all the 
participants according to age and gender as well as overall and the significance 
are described (2-tailed). 
 
Table 30: Correlation between body fat percentage and body mass index in 
all the groups per age per gender and overall 
 
Correlation between BF% and BMI 
Age Gender N Pearson Correlation 
10 Girls 56 0.878** 
11 Girls 51 0.894** 
12 Girls 50 0.883** 
10 Boys 40 0.923** 
11 Boys 56 0.902** 
12 Boys 47 0.861** 
10 Girls & Boys 96 0.877** 
11 Girls & Boys 107 0.865** 
12 Girls & Boys 97 0.797** 
10 – 12 Girls 143 0.891** 
10 - 12 Boys 157 0.854** 
 
All Groups 300 0.835** 
* = p < 0.50; ** = p < 0.01 
 
Table 30 shows a very strong positive relationship between body fat percentage 
and BMI in all the groups, which is to be expected.  All the correlations are 
statistically significant and since they are all greater than 0.05, they are also of 
large practical significance.  The highest correlation (r=0.923**) was found for the 
10 year old boys.  The significance present in all age groups and genders 
concludes that BMI and body fat percentage are closely correlated and therefore 
should be used concurrently so as to ascertain the most accurate descriptions of 
body fatness. 
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4.3.1.5 RELATIONSHIP BETWEEN BODY FAT PERCENTAGE AND 
WAIST-TO-HIP-RATIO 
 
Table 31 examines the correlation between body fat percentage and waist-to-hip 
ratio in all the participants according to gender and the significance is described 
(2-tailed). 
 
Table 31: Correlation between body fat percentage and waist-to-hip ratio in 
both girl and boy participants 
Correlation between body fat percentage and waist-to-hip ratio 
Gender N Pearson Correlation 
Girls 143 0.252** 
Boys 157 0.084 
* = p < 0.05; ** = p < 0.01 
 
Table 31 indicates that there is a significant relationship between body fat 
percentage and waist-to-hip ratio in the girl participants with a Pearson 
Correlation of 0.252 which is statistically significant and has a medium practical 
significance.  There is no significant correlation found between body fat 
percentage and waist-to-hip ratio in the boy participants.   
 
4.3.1.6 RELATIONSHIP BETWEEN BODY FAT PERCENTAGE AND 
QUINTILES (SES) 
 
Table 32 indicates the crosstabulation of the body fat percentage categories and 
the quintile categories.   
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Table 32: Crosstabulation of body fat percentage cut-offs per quintile 
category 
Quintile Category by Body Fat Category Crosstabulation 
  
 
Body Fat Percentage Categories 
Total Underfat Healthy Overweight Obese 
Quintile 
Categories 
Less 
poor 
N 33 87 61 33 214 
% 15.4% 40.7% 28.5% 15.4% 100.0% 
More 
poor 
N 14 42 19 11 86 
% 16.3% 48.8% 22.1% 12.8% 100.0% 
Total N 47 129 80 44 300 
% 15.7% 43.0% 26.7% 14.7% 100.0% 
 
Table 32 above shows that percentage-wise, the body fat categories are very 
similar in the two quintile categories.  The ‘healthy’ group is predominant in both 
the quintile categories, and only slightly more in the ‘more poor’ category 
(48.8%).    
 
The Chi-Square test was performed to test for the significance of the relationship 
between body fat percentage and the quintile categories.  The test yielded a non-
significant result (Chi2 = 2.22; df = 3, p = 0.528).  
 
4.3.1.7 RELATIONSHIP BETWEEN BODY FAT PERCENTAGE AND 
MATURATION 
 
Table 33 indicates the incidence of body fatness in the two maturity groups and it 
is clear that the majority of the participants are ‘healthy’ and have not yet reached 
maturity.     
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Table 33: Crosstabulation of the participants’ maturity and their level of 
body fat percentage overall 
BF% Cut-offs in the two Mature groups (Crosstabulation) 
 
Body fat percentage Cut-off 
Total Underfat Healthy Overweight Obese 
Mature Yes N 1 9 13 1 24 
%  4.2% 37.5% 54.2% 4.2% 100.0% 
No N 46 120 67 43 276 
%  16.7% 43.5% 24.3% 15.6% 100.0% 
Total N 47 129 80 44 300 
%  15.7% 43.0% 26.7% 14.7% 100.0% 
 
Table 33 clearly shows that the majority of the mature participants were 
categorized as overweight (54.2%) while the majority of participants who were 
not mature were categorized as ‘healthy’ (43.5%).   
 
The Chi-Square test was performed to test for the significance of the relationship 
between body fat percentage and maturity.  The test yielded a significant result 
(Chi2 = 11.75; df = 3, p = 0.008). 
 
According to the Cramér’s V value of 0.198, the result is only of small practical 
significance. 
 
Table 34 describes the incidence of body fatness in the two maturity groups 
according to gender and it is clear that the majority of the participants were in the 
‘Not mature’ boy group who were categorized as ‘healthy’.  
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Table 34: Crosstabulation of the participants’ maturity and their level of 
body fat percentage per gender 
BF% Cut-offs in the two Mature groups per gender (Crosstabulation) 
Gender 
Body fat percentage Cut-offs 
Total Underfat Healthy Overweight Obese 
Girls Mature Yes N 1 6 13 1 21 
%  4.8% 28.6% 61.9% 4.8% 100.0% 
No N 23 54 55 4 136 
%  16.9% 39.7% 40.4% 2.9% 100.0% 
Total N 24 60 68 5 157 
%  15.3% 38.2% 43.3% 3.2% 100.0% 
Boys Matur
e 
Yes N 0 3 0 0 3 
%  0.0% 100.0% 0.0% 0.0% 100.0% 
No N 23 66 12 39 140 
%  16.4% 47.1% 8.6% 27.9% 100.0% 
Total N 23 69 12 39 143 
%  16.1% 48.3% 8.4% 27.3% 100.0% 
 
Table 34 clearly indicates that of the mature girls, 61.9% were overweight.  Only 
40.4% of the ‘Not mature’ girls were overweight.  All of the mature and 47.1% of 
the ‘Not mature’ boys were classed as ‘healthy’, with 27.9% of the ‘Not mature’ 
boys being obese.  
 
The Chi-Square test was performed to test for the significance of the relationship 
between body fat percentage and the maturity categories per gender.  The test 
yielded non-significant results for both the girls (Chi2 = 4.471; df = 3, p = 0.215) 
and boys (Chi2 = 3.286; df = 3, p = 0.350). 
 
4.3.2 INFERENTIAL STATISTICS COMPARING BODY MASS INDEX 
CATEGORIES 
 
Table 35 depicts the inferential statistics comparing the body mass index 
categories per and per age per gender. 
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Table 35: Inferential statistics comparing body mass index categories per 
age and per age per gender 
Relationship to BMI Categories Chi-Square Values p df Cramér’s V 
Age 10.616 0.031 4 0.133 
Gender 12.636 0.002 2 0.205 
Age (Girls only) 3.839 0.428 4 0.111 
Age (Boys only) 10.085 0.039 4 0.188 
 
Table 35 clearly depicts three instances of significant differences between the 
distribution of body mass index among age, gender and the boys per age.  
Although the relationship between body mass index categories and age is 
statistically significant (p=0.031), it is only of small practical significance 
(V=0.133).  The same comment is valid for the relationship between body mass 
index categories and gender (p=0.002; V=0.205) and between body mass index 
categories and age (boys only) (p=0.039; V=0.188).  There is no significant 
difference between body mass index categories and age (girls only).   
 
4.3.3 INFERENTIAL STATISTICS REGARDING SOCIOECONOMIC STATUS 
IN TERMS OF QUINTILES 
 
Table 36 depicts the inferential statistics comparing the socioeconomic status 
categories per and per age per gender. 
 
Table 36: Inferential statistics comparing socioeconomic status categories 
per age and per age per gender 
Relationship to SES 
Categories 
Chi-Square 
Values 
p df Cramér’s 
V 
Age 0.656 0.720 2 N/A 
Gender 0.591 0.442 1 N/A 
Age (Girls only) 1.678 0.432 2 N/A 
Age (Boys only) 1.191 0.551 2 N/A 
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Table 36 indicates that there are no significant differences in the distribution of 
socioeconomic status categories among age and gender, and age per gender. 
 
4.3.4 INFERENTIAL STATISTICS REGARDING MATURATION 
 
Table 37 depicts the inferential statistics comparing the maturation categories per 
and per age per gender. 
 
Table 37: Inferential statistics comparing maturation categories per age 
and per age per gender 
Relationship to Maturation 
Categories 
Chi-Square 
Values 
p df Cramér’s 
V 
Age 12.933 0.0005 1 0.2229 
Gender 14.909 0.0032 2 0.2076 
Girls 11.637 0.0029 2 0.2722 
Boys 6.258 0.0437 2 0.2092 
 
Table 37 clearly depicts that all four relationships show statistically significant 
differences.  The practical significance differs, with only the difference between 
the maturation categories and age (girls only) showing a medium practical 
significance (V=0.272).  The other relationships only showed small practical 
significance. 
 
4.3.5 INFERENTIAL STATISTICS REGARDING PHYSICAL ACTIVITY 
 
Table 38 gives the number, means and standard deviations of the physical 
activity categories of the girls. 
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Table 38: Descriptive statistics depicting the physical activity categories 
for the girls 
  Physical Activity 
Girls N Mean Std. Dev. 
10 41 2764.60 1901.80 
11 39 2807.32 2119.09 
12 46 2763.28 1663.67 
Total 126 2777.34 1875.99 
 
An ANOVA was performed to test for significant differences between the age 
groups.  A non-significant result was found (F = 0.007; p = 0.993).    
 
Table 39 gives the N, means and standard deviations of the physical activity 
categories of the boys. 
 
Table 39: Descriptive statistics depicting at the physical activity categories 
for the boys 
  Physical Activity 
Boys N Mean Std. Deviation 
10 36 3156.18 1863.63 
11 46 3803.52 2299.12 
12 40 4104.09 2036.23 
Total 122 3711.05 2110.16 
 
An ANOVA was performed to test for significant differences between the age 
groups.  Here also a non-significant result was found (F = 2.016; p = 0.138).    
 
Table 40 presents the number, means and standard deviations of the physical 
activity categories overall per age. 
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Table 40: Descriptive statistics depicting the physical activity categories 
overall per age 
 
Physical Activity 
All N Mean Std. Deviation 
10 77 2947.68 1881.95 
11 85 3346.44 2261.10 
12 86 3386.91 1954.54 
Total 248 3236.67 2044.79 
 
An ANOVA was performed to test for significant differences between the age 
groups.  A non-significant result was found (F = 1.125; p = 0.326).    
 
Table 41 presents the number, means and standard deviations of the physical 
activity categories overall per gender. 
 
Table 41: Descriptive statistics depicting the physical activity categories 
overall per gender 
 
 
Group Statistics 
                            Gender N Mean Std. Deviation 
Physical 
Activity 
Girls 126 2777.34 1875.99 
Boys 122 3711.05 2110.16 
 
A t-test was performed to test for the equality of means.  A statistically significant 
result was found (t = 3.69; p = 0.000). Cohen’s d for this result is 0.47, indicating 
a medium practical significant finding. 
    
4.3.5.1 RELATIONSHIP BETWEEN PHYSICAL ACTIVITY AND BODY FAT 
PERCENTAGE CATEGORIES 
 
Table 42 gives the descriptive statistics for physical activity (met-min/week) and 
body fat percentage combined and shows that majority of the participants were in 
the ‘healthy’ weight group and that the obese participants reported the highest 
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levels of physical activity.  The mean physical activity was 3236.67 met-
min/week. 
 
 Table 42: Descriptive and inferential statistics regarding the met-min/week 
of physical activity compared to the categories of defined body fat 
percentage 
Descriptive statistics for the physical activity in met-min/week according to 
the body fat percentage cut-offs 
 
N Mean Standard Deviation 
Underfat 37 2551.69 2021.38 
Healthy 111 3525.61 1974.77 
Overweight 62 2889.90 1908.55 
Obese 38 3625.37 2293.69 
Total 248 3236.67 2044.79 
ANOVA: F = 3.26; p = 0.022 
 
Table 42 indicates that the ‘healthy’ participants were only the second most 
active and that the ‘obese’ group was the most active with a mean of 3625.37 
met-min/week.  Interestingly the ‘underfat’ group was the least active out of the 
entire study population. 
 
The ANOVA yielded a significant result (p <.05) which means that the average 
physical activity level is significantly different in the body fat percentage 
categories.  The highest mean was found in the ‘obese’ group.  Following on 
from this a Duncan post-hoc test was administered to identify between which 
groups the significant differences are. 
 
Table 43 reports on the results of the Duncan test and show two homogenous 
subsets.  Means in different subsets are significantly different.  
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Table 43: The Duncan Test for physical activity per body fat percentage 
cut-off for all participants 
Physical Activity 
Body fat percentage Cut-offs N 
Subset for alpha = 0.05 
1 2 
Duncan Underfat 37 2551.69  
Overweight 62 2889.90 2889.90 
Healthy 111  3525.61 
Obese 38  3625.37 
 
Table 43 indicates a significant difference exists between ‘underfat’ and ‘obese’ 
(Cohen’s d = 0.50) as well as between ‘underfat’ and ‘healthy’ (Cohen’s d = 
0.49).  Both Cohen’s d results show medium practical significance. 
 
4.3.5.2 RELATIONSHIP BETWEEN PHYSICAL ACTIVITY AND ALL OTHER 
VARIABLES 
 
Table 44 gives the correlations between physical activity and all the other 
variables that were measured.  It can be seen that there are no significant 
correlations between physical activity and any of the other variables in 10 year 
olds. 
 
Table 44: Correlations between physical activity and all the other variables 
for 10 year olds  
Correlations 
  PhyAct BF% BMI WHR FatInt Height Weight 
PhyAct Pearson 
Correlation 
1 -.133 -.043 .004 .050 .035 -.031 
Sig. (2-
tailed) 
 .247 .708 .975 .665 .761 .789 
N 77 77 77 77 77 77 77 
* = p < 0.05; ** = p < 0.01  
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Table 44 shows that the correlations between physical activity and the other 
variables in the 10 year old group are very small, indicating the absence of any 
relationship.   
 
Table 45 reports on the relationship between physical activity and all the other 
measured variables in the 11 year olds.  It can be seen that there are no 
significant relationships between these factors. 
 
Table 45: Correlations between physical activity and all the other variables 
for 11 year olds 
Correlations 
  PhyAct BF% BMI WHR FatInt Height Weight 
PhyAct Pearson 
Correlation 
1 .103 .012 -.044 -.061 .042 .020 
Sig. (2-
tailed) 
 .350 .910 .691 .582 .701 .858 
N 85 85 85 85 85 85 85 
         
* = p < 0.05; ** = p < 0.01  
 
Table 45 shows that these correlations are very small; indicating that for the 11 
year olds there was no evidence of any relationship.   
 
Table 46 shows the correlation between physical activity and all the other 
measured variables in the 12 year olds.  It can be seen that there is a significant 
relationship between physical activity and waist-to-hip ratio. 
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Table 46: Correlations between physical activity and all the other variables 
for 12 year olds 
Correlations 
  PhyAct BF% BMI WHR FatInt Height Weight 
PhyAct Pearson 
Correlation 
1 -.060 -.132 .373** -.038 -.009 -.127 
Sig. (2-
tailed) 
 .586 .226 .000 .729 .935 .245 
N 86 86 86 86 86 86 86 
* = p < 0.05; ** = p < 0.01  
 
Table 46 indicates that there is only one statistically significant correlation and 
that is between physical activity and waist-to-hip ratio.  It is of medium practical 
significance with a Pearson Correlation of 0.373.  Since the correlation is 
positive, it means that when there is an increase in physical activity there is an 
increase in waist-to-hip ratio which is contrary to what would be expected.  
However there is no data available on children in terms of these two factors.  The 
other factors show no significance in the 12 year old group.  There were negative 
correlations apparent between physical activity and the rest of the variables 
however none of them show significance.  This means that with an increase in 
physical activity there is a decrease in the tendency of all the other factors, but 
nothing significant is present in the current study. 
 
Table 47 reports the correlation between physical activity and all the other 
measured variables for all the girls in the current study.  It can be seen that there 
are no significant relationships between any of the factors. 
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Table 47: Correlations between physical activity and all the other variables 
for girls 
Correlations 
  PhyAct BF% BMI WHR FatInt Height Weight 
PhyAct Pearson 
Correlation 
1 -.051 -.088 .030 .000 .026 -.065 
Sig. (2-
tailed) 
 .568 .327 .736 .997 .775 .470 
N 126 126 126 126 126 126 126 
* = p < 0.05; ** = p < 0.01  
 
Table 47 shows that all the correlations are very small and therefore there is no 
evidence of any relationships.   
 
Table 48 reports on the correlation between physical activity and all the other 
variables measured for the boys.  It can be seen that there is a small correlation 
between physical activity and Height. 
 
Table 48: Correlations between physical activity and all the other variables 
for boys 
Correlations 
  PhyAct BF% BMI WHR FatInt Height Weight 
PhyAct Pearson 
Correlation 
1 .026 .113 .004 -.028 .189* .174 
Sig. (2-
tailed) 
 .774 .215 .963 .762 .037 .055 
N 122 122 122 122 122 122 122 
* = p < 0.05; ** = p < 0.01  
 
Table 48 indicates that there is a small positive correlation (statistically 
significant) between physical activity and Height with a Pearson Correlation of 
0.189.  This means that with an increase in physical activity there is an increase 
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in height in the boys.  Although statistically significant, this relationship is of small 
practical significance. 
 
Table 49 reports on the correlation between physical activity and all the other 
variables measured for all the participants in the current study.  It can be seen 
that there are no significant correlations between any of the factors. 
 
Table 49: Correlations between physical activity and all other variables 
overall 
Correlations 
  PhyAct BF% BMI WHR FatInt Height Weight 
PhyAct Pearson 
Correlation 
1 -.025 -.039 .065 -.025 .062 -.017 
Sig. (2-
tailed) 
 .692 .542 .307 .699 .331 .792 
N 248 248 248 248 248 248 248 
* = p < 0.05; ** = p < 0.01  
 
Table 49 indicates that no significant correlation was found between physical 
activity and any of the other variables measured in all the participants.  All the 
correlations are very small, indicating the absence of evidence that any 
relationships exist. 
 
4.3.6 INFERENTIAL STATISTICS REGARDING FAT INTAKE 
 
4.3.6.1 FAT INTAKE AND BODY FAT PERCENTAGE CATEGORIES 
 
Table 50 gives the descriptive statistics for fat intake and body fat percentage 
combined and shows that majority of the participants were in the ‘healthy’ weight 
group and that the obese participants reported the lowest consumption of fatty 
foods.  The mean consumption of fatty foods was 25.93. 
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Table 50: Descriptive and inferential statistics regarding fat intake 
compared to the categories of defined body fat percentage 
Fat Intake 
Body Fat Categories N Mean Standard Deviation 
Underfat 47 28.87 14.36 
Healthy 129 27.80 14.61 
Overweight 80 23.66 12.14 
Obese 44 21.45 11.60 
Total 300 25.93 13.73 
ANOVA: F = 3.912; p = 0.009 
 
Table 50 indicates that the underfat participants consumed the most fatty foods 
at 28.87 and the obese participants consumed the least fatty foods at 21.45.  The 
‘healthy’ group consumed the second highest amount of fatty foods and the 
‘overweight’ group the second least amount.  The average fat intake of the 
participants in the different body fat percentage categories differs significantly.  
Following on from this a Duncan post-hoc test was administered to identify 
between which groups the significant differences are.   
 
Table 51: The Duncan Test for fat intake per body fat percentage cut-off for 
all participants 
Fat Intake 
BF% Cut-offs N 
Subset for alpha = 0.05 
1 2 3 
Duncan Obese 44 21.45   
Overweight 80 23.66 23.66  
Healthy 129  27.80 27.80 
Underfat 47   28.87 
 
Table 51 indicates a statistically significant difference exists between ‘obese’ and 
‘healthy’, as well as between ‘overweight’ and ‘underfat’ and ‘obese’ and 
‘underfat’.  The statistically significant differences were measured and the 
practically significant results are depicted in Table 52. 
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Table 52: Results of the Cohen’s d tests 
Comparison Cohen’s d 
Obese vs Underfat 0.51 
Obese vs Healthy 0.46 
Overweight vs Healthy 0.36 
Overweight vs Underfat 0.36 
 
The Cohen’s d results show medium practical significant between ‘obese’ and 
‘underfat’ as well as between ‘obese’ and ‘healthy’ categories.  There were small 
practical significant differences between ‘overweight’ and ‘healthy’ and 
‘overweight’ and ‘underfat’ categories. 
 
4.3.6.2 CORRELATIONS BETWEEN FAT INTAKE AND ALL OTHER 
VARIABLES 
 
Table 53 reports on the correlation between fat intake and all the other variables 
measured in all the 10 years olds overall.  It is clear that there are no significant 
correlations between fat intake and all the other variables.  
 
Table 53: Correlations between fat intake and all other variables for 10 year 
olds 
Correlations 
  FatInt BF% BMI WHR PhyAct 
FatInt Pearson 
Correlation 
1 -.043 .028 .164 .014 
Sig. (2-tailed)  .680 .788 .110 .895 
N 96 96 96 96 96 
 
Table 53 indicates that there are no significant relationships between fat intake 
and the other variables measured in 10 year olds.   
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Table 54 reports on the correlation between fat intake and all the other variables 
measured in all the 11 year olds.  Two significant negative correlations were 
found here. 
 
Table 54: Correlations between fat intake and all other variables for 11 year 
olds 
Correlations 
  FatInt BF% BMI WHR PhyAct 
FatInt Pearson 
Correlation 
1 -.204* -.219* .144 -.131 
Sig. (2-tailed)  .035 .024 .138 .179 
N 107 107 107 107 107 
* = p < 0.05; ** = p < 0.01  
 
Table 54 indicates that there are statistically significant negative correlations 
between fat intake and both body fat percentage and BMI in 11 year olds with 
Pearson Correlations coefficient of r=-0.204 and r=-0.219 respectively.  Although 
statistically significant, these correlations are of small practical significance.  
There was also a negative relationship between fat intake and Physical Activity 
but it is not significant.   
 
Table 55 reports on the correlation between fat intake and all the other variables 
measured in all the 12 year olds.  It is clear that there are no correlations 
between fat intake and any of the other factors. 
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Table 55: Correlations between fat intake and all other variables for 12 year 
olds 
Correlations 
  FatInt BF% BMI WHR PhyAct 
FatInt Pearson 
Correlation 
1 -.171 -.137 -.044 -.052 
Sig. (2-tailed)  .094 .181 .670 .612 
N 97 97 97 97 97 
 
Table 55 indicates that there are no correlations between fat intake and any of 
the other variables measured in 11 year olds.   
 
Table 56 reports on the correlation between fat intake and all the other variables 
measured in all girls.  It is clear that there is a small significant positive 
correlation between fat intake and waist-to-hip ratio. 
 
Table 56: Correlations between fat intake and all other variables for all the 
girls 
Correlations 
  FatInt BF% BMI WHR PhyAct 
FatInt Pearson 
Correlation 
1 -.107 -.095 .195* -.011 
Sig. (2-tailed)  .181 .235 .014 .894 
N 157 157 157 157 157 
* = p < 0.05; ** = p < 0.01  
 
Table 56 indicates that there is a small positive significant relationship between 
fat intake and waist-to-hip ratio measured in all the girls with a Pearson 
Correlation of r=0.195.  This means that with an increase in fat intake there is an 
increase in the waist-to-hip ratio.  The correlation is only of small practical 
significance.  There were negative relationship between fat intake and body fat 
percentage, BMI and Physical activity but they were not significant.   
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Table 57 reports on the correlation between fat intake and all the other variables 
measured in all boys.  Two significant negative correlations were found. 
 
Table 57: Correlations between fat intake and all other variables for all the 
boys 
Correlations 
  FatInt BF% BMI WHR PhyAct 
FatInt Pearson 
Correlation 
1 -.185* -.223** .069 -.106 
Sig. (2-tailed)  .027 .008 .411 .208 
N 143 143 143 143 143 
* = p < 0.05; ** = p < 0.01  
 
Table 57 indicates that there is a significant negative relationship between fat 
intake and BMI, and also between fat intake and body fat percentage, measured 
in all the boys.  The correlations are respectively r=-0.223 and r=-0.185 (Both are 
only of small practical significance).  This means that with a decrease in fat 
intake there is an increase in both BMI and body fat percentage.  There was also 
a negative relationship between fat intake and Physical activity but it was not 
significant.   
 
Table 58 reports on the correlation between fat intake and all the other variables 
measured in all the participants.  Two significant negative correlations were 
found.   
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Table 58: Correlations between fat intake and all other variables overall 
Correlations 
  FatInt BF% BMI WHR PhyAct 
FatInt Pearson 
Correlation 
1 -.142* -.131* .105 -.058 
Sig. (2-tailed)  .014 .024 .070 .315 
N 300 300 300 300 300 
* = p < 0.05; ** = p < 0.01  
 
Table 58 indicates that there is a small significant negative relationship between 
fat intake and both body fat percentage and BMI measured in all the participants 
with Pearson Correlations of r=-0.142 and r=-0.131 respectively.  Both 
correlations are only of small practical importance.  This means that with an 
increase in fat intake there is a decrease in body fat percentage and BMI in all 
the participants.  There was a negative relationship between fat intake and 
Physical activity but it was not significant.   
 
In conclusion there are various results that have been presented here regarding 
the testing conducted on the subject.  These results need further interpretation 
which will take place in the next chapter.  Chapter 5 looks at the results and 
offers an in depth interpretation thereof.  Following this it considers the limitations 
and recommendations that became apparent upon completion.  The chapter is 
finalised by the study conclusions. 
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CHAPTER 5: DISCUSSION, CONCLUSION AND                       
RECOMMENDATIONS 
 
5.1 INTRODUCTION 
 
The results obtained for the variables assessed in the current study were 
reflected in Chapter 4.  Each variable was described in terms of the descriptive 
statistics obtained by the sample of participants.  Finally in Chapter 4 the 
inferential statistics were presented according to the aims and objectives of the 
current study.  Chapter 5 discusses the different variables examined in the 
current study in terms of the normative data and cut-offs and the results are also 
related back to the literature presented in Chapter 2.  In some instances the 
literature provides explanations for the significant and non-significant variables 
respectively.  The variables that were found to be statistically significant are 
analysed to ascertain if there is some validity in their significance or if there are 
outside influences that could be associated with the significance.  The limitations 
of the current study are presented and discussed, and from the results and 
literature conclusions are extracted and recommendations are offered for future 
research. 
 
5.2 DESCRIPTIVE VARIABLES 
 
Majority of the participants came from the 11 year old age group (36%), were 
females (51%) and in terms of age and gender majority were 10 year old girls 
(19%) and 11 year old boys (19%).  Majority of the ‘Less Poor’ category was 
made up of the 11 year old boys (40) and majority of the ‘More Poor’ category 
was made up of the 11 year old girls (17).     
 
The tallest participants were on average the 12 year old girls (154.84 cm) and the 
average height of the entire participant group was 145.70 cm.  The girls were 
taller overall than the boys.  Research shows that adolescent boys tend to be 
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taller than adolescent girls once they have reached maturity, however in the 
current study, there were only 3 boys who had reached maturity.  In addition, if 
the boys have not matured yet, they are less likely to have gotten taller.  Girls 
also grow taller when they mature (Wang, 2002:903). 
 
The heaviest participants were once again the 12 year old girls (53.53 kg) and 
the average weight of the entire group was 43.65 kg.  The girls were the heaviest 
overall.  This is in accordance with research that states that adolescent girls have 
more fat mass than adolescent boys (Wisnieski and Chernausek, 2009:82).  
Although all weight is not equal to fat mass, it is assumed that the adolescent 
weight carried by the girls is ascribed to fat mass.   
 
The 12 year old girls had the highest body fat percentage (24.50%) and the 
average body fat percentage of the entire group was 23.32%.  Overall the girls 
had a higher body fat percentage than the boys and the 12 year olds had the 
highest percentage out of the age groups.  This is in accordance with research 
that states that adolescent girls have more fat mass than adolescent boys 
(Wisnieski and Chernausek, 2009:82).  This was expected as more girls than 
boys have reached maturity.  Another factor to consider is that girls who mature 
early tend to be heavier than girls who mature later (Wang, 2002:903). 
 
The participants with the highest BMI’s were once again the 12 year old girls 
(22.11 kg/m2) and the average BMI of the entire group was 20.26 kg/m2.  Majority 
of the mature participants came from the 12 year old girls (18%).  This is in 
accordance with the literature which states that boys that reach maturity earlier 
are ‘thinner’ and the contrary was the case when looking at girls that reach 
maturity earlier who were found to be ‘fatter’ (Wang, 2002:903). 
 
The 10 year old boys had the highest waist-to-hip ratio’s (0.84) and the average 
waist-to-hip ratio was 0.80.  This data cannot be interpreted against the literature 
due to the fact that there are no waist-to-hip ratio cut-offs for children and 
adolescents that could be ascertained.  However a connection could be made 
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that this result is related to maturation because none of the 10 year old boys 
were mature and as stated in Chapter 2; section 2.3.3.2, when boys become 
mature they gain weight around their waist but lose weight around their hips.  
This is apparent as the waist-to-hip ratio results of the 11 and 12 year old boys 
does not change that drastically (0.81).   
 
The boys in general and the total group of 12 year olds in general were the most 
active, although the latter is due to the effect of the 12 year old boys’ high score 
on this mean value.  When looking at the genders, as expected, the boy 
participants are the most active which has been suggested in research that 
reports that boys tend to show higher levels of physical activity than girls (Kruger 
et al., 2006:356).   
 
The 11 year old girls consumed the most fat on a weekly basis (29.24) and the 
average amount of fat consumed on a weekly basis across the entire group was 
25.93. 
 
In terms of the Body Fat Percentage Categories, in the ‘Underfat’ group, majority 
of the participants were from the girls overall (17%), in the ‘Healthy’ category 
group they were the boys overall (18%), in the ‘Overweight’ category group they 
were the girls overall (28%) and in the ‘Obese’ category group they were the 
boys overall (29%). 
 
5.2.1 COMPARISON OF THE DESCRIPTIVE VARIABLES TO THE 
NORMATIVE DATA 
  
5.2.1.1 BODY FAT PERCENTAGE 
 
In table 59, the body fat percentage results of this study are categorised 
according to the norms per age per gender presented in Tables 1 and 2 in 
Chapter 3. 
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Table 59: Mean body fat percentage and corresponding classification 
categories from normative data per age per gender  
Age Gender BODY FAT 
PERCENTAGE 
Mean 
Category 
10 Girls 24.15 Overweight 
11 Girls 24.08 Overweight 
12 Girls 24.50 Overweight 
10 Boys 22.07 Healthy 
11 Boys 21.11 Healthy 
12 Boys 23.95 Overweight 
10 – 12 Girls 24.24 Overweight 
10 - 12 Boys 22.31 Healthy 
 
Table 59 shows that on average all the girls in the current study were overweight 
and so too were the 12 year old boys.    
 
When considering the distribution of the participants across the four body fat 
percentage categories, it is clear that a significant portion of the participants were 
obese, attesting to the concern in Port Elizabeth.  Table 19 in Chapter 4 refers to 
these facts in detail. 
 
The distribution of the participants across the body fat percentage categories 
forms one of the most integral parts of the current studies results.  In terms of 
overweight being a precursor to obesity and an indication for intervention, it is 
interesting to see here that overall, most of the girls were overweight (43.3%).  
Majority of the boys (48.3%) were healthy.  In terms of age, majority of 
participants in each respective age group, were categorised as healthy.  The 
highest incidence of obesity was found in the 12 year old boys (31.9%) with the 
overall boys (27.3%) not being mush less.  This overall result may be indicative 
of the 12 year old boys.  Overall, across all the ages and genders, there was 
definitely a trend towards healthy and overweight more than underfat and obese, 
218 
 
with most of the participants presenting in the healthy category (26.7%).  From 
this it could be hypothesized that interventions need to be introduced in Port 
Elizabeth to prevent further development of overweight into obesity, however 
more research needs to be conducted to clarify and quantify this. 
 
The most significant relationship between height and body fat percentage was 
found in the 10 year old girls.  This could be attributed to the fact that some of the 
younger girls had reached maturity and as Wang (2002:903) stated, it means 
they may be taller yet they are more likely to be overweight.  The significant 
correlation found between height and body fat percentage in the girl participants 
was contrary to what research shows as the results indicate that the taller the 
individual the higher their body fat percentage, whereas research reports it the 
other way around (Wang, 2002:903).     
 
The significant relationship between body fat percentage and waist-to-hip ratio in 
the girl participants makes it clear that more research needs to be conducted on 
this relationship and cut-offs need to be developed for children (Cole, 2012). 
 
5.2.1.2 BODY MASS INDEX 
 
Table 60 indicates the body mass index results of this study categorised 
according to the norms per age per gender in Table 3 as seen in Chapter 3. 
 
Table 60: Body mass index categories per age per gender: 
Age Gender BMI Mean Category 
10 Girls 19.98 Overweight 
11 Girls 21.17 Overweight 
12 Girls 22.11 Overweight 
10 Boys 18.86 Overweight 
11 Boys 18.75 Overweight 
12 Boys 20.65 Overweight 
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 Girls 21.04 Overweight 
 Boys 19.41 Overweight 
 
Table 60 concludes that according to the Body Mass Index, on average all the 
participants were overweight.  When considering the distribution of the 
participants across the three body mass index categories, it becomes clear that 
there could be a significant the issue of obesity is in Port Elizabeth.  As literature 
has shown (Livingstone, 2001:110), using body fat percentage in conjunction 
with body mass index is the most recommended manner in which to categorise 
accurate levels of body fatness.  Table 21 in Chapter 4 presents these facts in 
detail. 
 
Overall, majority of the girls (69.4%) and the boys (84.6%) were overweight.  In 
terms of age, the 12 year olds seemed to be mostly present in the overweight 
group.  Overall, the results show that 79.7% of all the participants were 
categorised as overweight.  The 10 year old girls (23.2%) showed the highest 
levels of obesity, with only 14.3% of the overall group being categorised as 
obese.  When comparing these results to those of the body fat percentage table, 
it is apparent that the body mass index indicates a tendency to overestimate 
body fatness, which Wisniewski and Chernausek (2009:77) stated could be partly 
due to the fact that the gender differences between fat mass and fat free mass 
are not accurately determined by body mass index.  Another factor to consider is 
that the accuracy of body mass index increases as the fatness levels increase 
(Freedman et al., 2009:809).  This further supports the idea that body mass index 
needs to be used concurrently with body fat percentage.        
 
5.2.2 COMPARISON OF THE CURRENT STUDY’S RESULTS TO 
LITERATURE TRENDS 
 
In table 61, the studies included in the literature review, have been tabulated.  
These trends are then discussed according to the results of the current study.   
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Table 61: Body fatness trends from literature 
# Author/s Measure Age & 
Gender 
Overweight 
% 
Obese 
% 
Country 
1. Rossouw et 
al. (2012) 
Trends All  15% RSA 
2. Reddy et al. 
(2012) 
Trends in 
2008 
Adolescents 11.0% 3.3% RSA 
3. Reddy et al. 
(2012) 
Trends 14; boys 18% 20-
25% 
Rural 
RSA 
4. Reddy et al. 
(2012) 
Trends in 
2002 
Adolescents 6.3% 1.6% RSA 
5. Reddy et al. 
(2010) 
Trends in 
2008 
All school-
going 
19.7% 5.3% RSA 
6. Truter et al. 
(2010) 
Trends in 
2006 
6-13; Boys 3.2% 14% RSA 
7. Truter et al. 
(2010) 
Trends in 
2006 
6-13; Girls 4.9% 17.9% RSA 
8. Van Der 
Merwe 
(2004) 
Trends in 
2004 
6-17; both  11% RSA 
9. Lobstein 
and Baur 
(2004) 
Trends in 
2004 
13-19; both 17%  RSA 
10. de Onis 
(2000) 
Trends in 
1995 
Children 18.55% 6.50% Southern 
Africa 
11. National 
Statistics 
(2012) 
Trends in 
2012 
2-15; boys 31%  UK 
12. National 
Statistics 
(2012) 
Trends in 
2012 
2-15; girls 29%  UK 
13. National Trends in 2-15; both  19.4% UK 
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Statistics 
(2012) 
2012 
14. Sizer and 
Whitney 
(2003) 
Trends in 
2003 
6-19;  both 16%  USA 
15. Truter et al. 
(2010) 
Skinfolds All  31% RSA 
16. Woo (2009) BMI Children  12% USA 
17. Finucane et 
al. (2008) 
BMI Adult 
Female 
 13.8% World 
18. Finucane et 
al. (2008) 
BMI Adult  
Male 
 9.8% World 
19. Ross and 
Scott 
(2006) 
BMI 2-5; both  10.3% USA 
 
When comparing the data in table 61 to the data in tables 19 and 21, there are 
definite trends that can be identified.  The studies above need to be discussed 
separately, comparing it with the results from the current study in terms of body 
fat percentage and body mass index.  
 
5.2.2.1 COMPARISON OF THE CURRENT STUDY’S RESULTS TO 
BODY FAT PERCENTAGE LITERATURE TRENDS 
 
Certain studies cannot be compared to the current study’s results, for example 
studies 1, 17, 18 and 19.  Studies 1, 17 and 18 present trends in adults and 
though these results cannot be compared to those of the current study due to the 
research population, it is interesting to determine that the levels of obesity are 
very similar.  The current study showed that the overall level of obesity, 
regardless of age and gender was 14.7%.  Study 1 (15%) and study 17 (13.8%) 
present very similar results.  This is an alarming comparison due to the fact that 
adult obesity levels have always been higher than those of children.  However 
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Hands et al. (2004:15) stated that the trends of childhood obesity are on the rise.    
Ross and Scott (2006:8) expressed the concern about these trends due to the 
effect it will have on these children when they become adults.  Study 1 presents 
trends from South Africa for all age groups in 2012 and study 17 presents results 
from adult females in America in 2008 and yet the results are so similar.  Study 
18 (9.8%) showed lower levels of obesity.  Study 19 (10.3%) was conducted in 
very young children and therefore is not relevant to the current study. 
       
The most relevant and comparable report is study 2.  Study 2 was conducted in 
South African adolescents in 2008 and stated that 11% of this population were 
overweight and 3.3% were obese.  Of the current study’s population 26.7% were 
overweight and 14.7% were obese.  The differences are very large and this could 
be ascribed to the four year time difference.  Study 5 was conducted in school-
going children and it showed that 19.7% of its population was overweight and 
5.3% were obese in 2008.  These results are slightly higher than study 2’s but 
they are still far less than the current study.  These basic comparisons indicate 
that the levels of obesity have increased.   
 
On an international scale, in the United Kingdom in 2012, 19.4% of children aged 
2 to 15 years, were obese.  This trend is higher than the current study’s results, 
which is not unexpected as majority of trend data from the United Kingdom is 
higher than South Africa (Lobstein et al., 2004). 
 
Lastly, the only study included here that presented trends in obesity from skinfold 
measurements was study 15.  This study was conducted in South Africa in 2010 
in the entire population and the results presented a level of 31% for obesity, 
across the nation.  The only result from the current study that it similar to this is 
that of the boys overall who presented a level of 27.3% for obesity.   
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5.2.2.2 COMPARISON OF THE CURRENT STUDY’S RESULTS TO 
BODY MASS INDEX LITERATURE TRENDS 
   
The current study presented different levels of overweight and obesity according 
to the body mass index measure.  The levels were 79.7% overweight and 14.3% 
obese for all the participants, regardless of age and gender.  The girls overall 
presented 69.4% overweight and 21% obese and the boys presented 84.6% 
overweight and 7.0% obese.  Study 1, 17, 18 and 19 were conducted in very 
different populations, however by looking at their overall trends of obesity of 15%, 
13.8%, 9.8% and 10.3% respectively, it is clear that the current study presents 
increased results.  These results were categorised according to the newest body 
mass index cut-offs (IASO, 2012) and therefore are current.  The difference in 
the results from the body fat percentage and body mass index tests could be 
attributed to the fact that they measure different aspects of a child’s body and 
therfore cannot be conducted separately.  This is why it has been suggested that 
the two measurements be conducted simultaneously to determine the most 
accurate result (Troiano and Flegal, 1998:497). 
  
When examining trends from America in 2009, it showed that of all children, 12% 
were obese according to their body mass index.  This result is very similar to that 
of the current study (14.3%).  Therefore it could be hypothesised that this is in 
line with literature which states that the levels in developing countries will fast 
over take that of developed countries due to many reasons, of which the most 
integral is the nutrition transition (Reddy et al., 2012:262).   
 
5.3 COMPARISONS OF VARIABLES INDICATING NO SIGNIFICANT 
DIFFERENCES OR RELATIONSHIPS 
 
The non-significant variables in the current study included those variables that 
were found not to be statistically or practically significant.  The comparisons 
between variables are discussed in accordance to their non-significance per age 
and gender.   
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5.3.1 RELATIONSHIP BETWEEN BODY FAT PERCENTAGE AND ALL THE 
VARIABLES 
 
There was no significant relationship between body fat percentage and height in 
11 year old girls and 12 year old boys.  The mean height for the 11 year old girls 
(146.90 cm) was above the overall group average (145.70 cm) as was that of the 
12 year old boys (150.54 cm).  The tendency for the boys is in accordance with 
research which states that as boy’s age, there is an increase in height and 
strength (Bratberg et al., 2007:54).   
 
There was a non-significant relationship between body fat percentage and waist-
to-hip ratio in all the boys.  The analysis of these results further encourages 
evidence that more research needs to be done on children and their waist-to-hip 
ratio cut-offs. 
 
There was a non-significant relationship between body fat percentage and 
quintiles, as the results of the Chi-Square test was p=0.528.  This means that the 
socioeconomic status of an individual showed no effect on their body fat 
percentage.  These results are contrary to what research has shown as 
discussed in Chapter 2; section 2.4.1.2 (100) that states that there is a strong 
causal relationship between socioeconomic status and obesity.  The 
representation of the different socioeconomic statuses was not entirely equal in 
the study as majority of the participants came from the ‘Less Poor’ group (214), 
representing 71% of the sample. 
 
There was no significant relationship found between body fat percentage and 
maturation per gender overall with p=0.350.  This suggests that whether or not 
the individual has reached maturity, it showed no effect on the body fat 
percentage.  This result has also been supported by literature that states that 
there is an expectancy that the levels of obesity will increase in lower 
socioeconomic status groups (Kimani-Murage et al., 2011:1114).  Once again the 
representation of the different socioeconomic statuses was not entirely equal. 
225 
 
5.3.2 PHYSICAL ACTIVITY LEVELS  
 
There were no significant correlations found between physical activity levels and 
the girls per age group (p=0.993), boys per age group (p=0.138), per age groups 
overall (p=0.326) and per gender overall (p=0.124).  This indicated that all the 
groups partook in similar amounts of physical activity, therefore the average 
participant was physically active.   
 
There were no significant differences shown between the levels of physical 
activity in the different body fat percentage categories for the following: 
• Underfat and overweight 
• Healthy and obese 
The results shown in the different categories need to be considered carefully due 
to the concerns expressed in Chapter 2 surrounding this topic.  Literature 
supports the occurrence of misreporting occurring specifically among overweight 
and obese individuals (Livingstone, 2001:112).   
 
There were no significant relationships found between physical activity and body 
fat percentage, body mass index, waist-to-hip ratio and fat intake in the 10 and 
11 year olds and all the girls.  This means that physical activity showed very little 
effect on these variables in the specific groups.  The results for body fat 
percentage and body mass index are not in accordance with the research that 
shows that physical activity reduces the presence of obesity and body fatness 
(Livingstone, 2001:113).  The results on waist-to-hip ratio and fat intake can’t be 
confidently analysed due to the lack of evidence.   
 
5.3.3 FAT INTAKE 
 
There were no significant relationships depicted between fat intake and body fat 
percentage, body mass index, waist-to-hip ratio and physical activity in all the 10 
and 12 year olds.  This means that fat intake showed very little effect on these 
variables in the age groups.  These results can be correlated by Livingstone 
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(2001:109) who stated that research has yet to show a causal link between fat 
intake and obesity.    
   
5.4 COMPARISONS OF VARIABLES INDICATING SIGNIFICANT 
DIFFERENCES OR RELATIONSHIPS 
 
The significant comparisons in the current study included those between 
variables that were found to be statistically and/or practically significant.  The 
comparisons between variables are discussed in accordance to their significance 
per age and gender.   
 
5.4.1  RELATIONSHIP BETWEEN BODY FAT PERCENTAGE AND ALL THE 
VARIABLES 
 
There was a significant relationship shown between body fat percentage and 
height in 10 and 12 year old girls and 10 and 11 year old boys, with the highest 
significance in the 10 and 12 year old girls.  Therefore when there was an 
increase in height in these specific groups there was an increase in body fat 
percentage.  These results may be due to the fact that girls grow in height as 
they age, but during the ages 10 to 12 years they may be going through puberty 
which can increase the body fat as it has been stated that early maturation 
(which includes an increase in height) has a strong causal link to the 
development of obesity in girls.  The latter is further supported by Bratberg et al. 
(2007:54).   
 
There was a significant relationship found between body fat percentage and 
weight in all the participants.  These results speak for themselves as 15.3% of 
the body’s weight is made up of fat mass and this has a direct effect on weight 
(Heyward and Wagner, 2004:8). 
 
There was a significant relationship found between body fat percentage and body 
mass index in all the participants.  This is in line with evidence that states that 
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skinfolds and body mass index should be measured together as they support one 
another’s results.  These results also suggest that when there is an increase in 
body fat percentage there is an increase in the body mass index.  This is 
supported by literature which states that BMI and skinfolds measure different 
types of fatness, but they both define body fatness accurately (Cameron and 
Betz, 1997:777). 
 
There was a significant relationship found between body fat percentage and 
waist-to-hip ratio in all the girls.  This showed that as body fat percentage 
increases so too does the waist-to-hip ratio.   
 
There was a significant correlation found between body fat percentage and 
maturation among all the participants, as the results of the Chi-Square test was 
p=0.008 with Cramér’s V = 0.198.  Therefore the results were of both statistical 
(high) and practical (small) significance.  This showed that the maturation levels 
of an individual have an effect on their body fat percentage.  These results are in 
line with research (Wang, 2002:903) that states that there is a strong causal 
relationship between maturation and obesity.   
 
There were significant differences shown between fat intake in the different body 
fat percentage category groups.  This was seen between the following: 
• Obese and underfat 
• Obese and healthy 
• Overweight and healthy 
• Overweight and underfat 
It was expected that the ‘obese’ group would have the highest levels of fat intake 
and the ‘underfat’ the lowest.  However, this was not the case.  The ‘obese’ 
group reported the lowest levels of fat intake (21.45) and the ‘underfat’ group 
reported the highest levels (28.87).  The reasons for these discrepancies may be 
found in the accuracy with which fat intake was reported.  Under-reporting of 
dietary intake is a common occurrence in obese children and the statistics 
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reported by Cooling (2000:S33-S34) which showed that as many as 70% of 
obese boys and 60% of obese girls will under-report on their questionnaires.   
  
5.4.2 MATURATION 
 
There was a significant relationship found between maturation and age 
(p=0.00058 and Cramér’s V = 0.22).  Therefore the results were of both statistical 
(high) and practical (small) significance.  This shows that as the individual ages 
there is an increase in maturity.  These results were expected.   
 
There was a significant correlation found between maturation and gender 
(p=0.00032 and Cramér’s V = 0.21).  Therefore the results were of both statistical 
(high) and practical (small) significance.  There was a significant correlation also 
found between maturation and the different age groups of the girls (p=0.00297 
and Cramér’s V = 0.27).  Therefore the results were of both statistical (high) and 
practical (small) significance.  This is in accordance with research that clearly 
shows as a girl ages, she matures. 
 
5.4.3 PHYSICAL ACTIVITY LEVELS 
 
There were significant differences found between the amounts of physical activity 
in the following body fat percentage categories: 
• Underfat (2551.69 met-min/week) and Obese (3625.37 met-min/week); 
• Underfat (2551.69 met-min/week) and Healthy (3525.61 met-min/week). 
These results are expected due to the differences in body fatness between the 
groups.  
 
There were significant relationships found between physical activity and waist-to-
hip ratio in all the 12 year olds between physical activity and height in all the 
boys.   This shows that with an increase in physical activity in 12 year olds, there 
was an increase in waist-to-hip ratio.  This is an expected result as supported by 
Ortega et al. (2007:1, 8) which stated that with an increase in physical activity 
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there is an increase in central adiposity which could relate to the waist 
circumference which would influence the waist-to-hip ratio.  The results on 
physical activity and height in boys are also supported by research (Ullrich-
French et al., 2010:1189) as physical activity improves the physical condition of 
the human body.   
 
5.4.4 FAT INTAKE  
 
There was a significant relationship between fat intake and the following 
variables in the following groups: 
• Fat intake and body fat percentage in all the 11 year olds (r = -.204); 
• Fat intake and waist-to-hip ratio in all the girls (r = .195); 
• Fat intake and body fat percentage and body mass index in all the boys (r 
= -.185; r = -.223); 
• Fat intake and body fat percentage and body mass index overall (r = -
.142; r = -.131. 
 
The positive result shows that with an increase in fat intake there was an 
increase in waist-to-hip ratio.  Girls have a unique allocation of fat as stated by 
Wisniewski and Chernausek (2009:78) which means that the position of fat 
around the abdomen and hips is expected. 
 
As far as the negative results are concerned, they all show that if there was an 
increase in fat intake there was a decrease in body fat percentage (11 year olds, 
all boys and all participants) and body mass index (all boys and all participants).  
This is agreed upon by Livingstone (2001:109) who stated that research has yet 
to show a causal link between fat intake and obesity. 
 
5.5 LIMITATIONS 
 
The following factors were identified as relevant limitations of this study that may 
have had a direct effect on the results: 
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• The selection of the schools was not done in a completely random manner 
and convenience sampling was used; 
• The principals were asked to randomly select the children to be tested.  
The researcher therefore had no control over the selection process;  
• In terms of socioeconomic status, the quintile classification of the schools 
may not have been the best criteria to use but the researcher made the 
best of them; 
• In terms of maturation, the results were not substantial due to the fact that 
there were only 3 boys and 21 girls that had reached maturity; 
• Retrospective self-reports of physical activity levels and fat intake could 
have been exposed to under-reporting by certain participants. 
 
5.6 CONCLUSIONS 
 
The aim and objectives of the current study were met and allowed for the 
following conclusions to be made: 
 
• In terms of overweight and obesity, the current study presented high levels 
and when compared to national and international data, the trends were far 
higher;  
• The results showed that physical activity and maturation have a direct 
effect on body fatness; 
• The results further showed that majority of the participants were classed 
as overweight according to their body fat percentage and all of them were 
classed as overweight according to their body mass index; 
• Body mass index and body fat percentage were very closely related; 
• The ‘obese’ group was the most physically active and consumed the least 
fat. 
 
In conclusion, the results from the current study present alarming trends that are 
mostly higher than what previous national and international studies have 
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presented.  From this it can be suggested that intervention programs need to be 
implemented in Port Elizabeth schools to inhibit these levels from increasing.  It 
can be stated that physical activity showed an effect on body fatness and this 
should be a means considered to aid in reducing the obesity levels in Port 
Elizabeth.  As has been stated numerous times in this chapter, body fat 
percentage and body mass index should be utilised simultaneously to provide the 
most accurate description of body fatness.     
 
5.7 RECOMMENDATIONS 
 
The following recommendations are made for any future research that needs to 
be conducted on this subject matter: 
• The assessment of body fatness among children aged 10 to 12 years 
should be reported among larger samples of South African children in 
order to confirm the findings of the current study; 
• A longitudinal study should be considered so as to control for factors such 
as socioeconomic and maturational statuses; 
• An equal representation of socioeconomic and maturational statuses 
should be included in a study so as to ascertain the direct effect of these 
factors on body fatness; 
• When assessing physical activity and fat intake, a more age appropriate 
measure should be used and over or under-reporting should be controlled 
for. 
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   D/496/05 
   APPLICATION  FORM: ETHICS APPROVAL (HUMAN) 
  REF NO: For office use 
 
APPLICATION FOR APPROVAL: NMMU RESEARCH ETHICS COMMITTEE (HUMAN) 
1. Any project in which humans are the subjects of research, hereafter called a study, requires completion of this form and 
submission for approval to the RESEARCH ETHICS COMMITTEE (HUMAN) (REC-H). 
2. The faculty through the Faculty RTI Committee and Head of Department (or other intra-faculty academic unit) should 
approve research proposals before submission to the Ethics Committee. 
3. Each faculty has the primary responsibility for ensuring that human subjects used in research in their faculties are protected 
adequately by the application of the appropriate code applicable to the relevant profession. 
4. How to proceed: i) Read the Code of Conduct for Researchers at the Nelson Mandela Metropolitan University, available on 
the Intranet (Official Stuff|Policies|Official NMMU Policies|RTI|Research Ethics).  ii) Open a copy of the application form 
(this file “REC-H Human Ethics Application Form.doc”) from the Intranet, and "Save as" the file with a filename containing 
your name (e.g. “J Smith REC-H Human Ethics Application Form.doc”).  iii) Complete Sections 1 to 8 in typescript 
(Tab between fields, select from pull-downs, information may be pasted from existing Word® documents), and 
save (ensuring the filename contains your name).  iv) Append the necessary information, e.g. an Informed Consent form (use 
Document D/497/05 "REC-H Informed Consent Pro-forma" as  a basis, and modify to suit your requirements)  v) Email the 
files to Visha.Coopasamy@nmmu.ac.za.   
5. Print the document, get each page initialled on the lower right hand corner and get Sections 9 and 10 signed by the relevant 
parties. 
6. Hand the signed hardcopy and attachments in at the Department of Research Capacity Developement.   
 
1. GENERAL PARTICULARS 
a) Concise descriptive title of study (must contain key words that best describe the study):    
Body Fatness and Associated Selected Health Risk Factors among 10 to 12 year olds in Port 
Elizabeth Schools. 
b) Name of primary responsible person (PRP) (must be member of permanent staff):   
Professor Rosa Du Randt  Dept of Human Movement Science, 11-1-01, South Campus 
c) Contact number/s of PRP: 041 504 2497 
d) Affiliation of PRP: Faculty Health Sciences; Department (or equivalent):Human Movement Science Dept 
e) Name and affiliation of principal investigator (PI) / researcher (may be same as PRP):   
Andrea Sanderson  Gender: Female 
f) Name(s) and affiliation(s) of all co workers (e.g. co-investigator / assistant researchers / supervisor / co-supervisor / promoter / co-
promoter):   
Mr DJL Venter: Co-Supervisor 
g) Scope of study:  Local h) If for degree purposes: Masters 
i) Funding : Combination (Specifics follow)   
Additional information (e.g. source of funds or how combined funding is split)  NMMU Masters Bursary and DAAD      
j) Are there any restrictions or conditions attached to publication and/or presentation of the study results? NO   
If YES, elaborate: (Any restrictions or conditions contained in contracts must be made available to the Committee)           
k) Date of commencement of study: 1 January 2007   Anticipated duration of study: 2 years 
l) Objectives of the study (the major objective(s) / Grand Tour questions are to be stated briefly and clearly):  
•To assess the following anthropometric measures of a sample of the selected adolescents: 
height, weight, skinfolds, as well as waist  and hip circumference;  To calculate the 
following from the above-mentioned anthropometric measures: Body mass index (BMI), 
percentage body fat and waist-to-hip ratio; To determine from the anthropometric 
measurements obtained what percentage of the selected adolescents tested are classified 
as obese; To determine the levels of physical activity that the selected adolescents are 
currently involved in by using a relevant questionnaire (IPAQ); To determine the level of 
fat intake of the selected adolescents (21-item Fat Measure for Dietary Intake (Adapted)); 
To determine the level of maturity by using grip strength and height measurements in the 
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case of the boys and age of menarche in the case of the girls and to determine the 
relationship between the incidence of obesity and each of the following of the selected 
adolescents: Body mass index (BMI), percentage body fat, waist-to-hip ratio, blood 
pressure, physical activity and fat intake. 
m) Background information: briefly (300 words or less) describe the scientific or field observations which have prompted the work. A few 
(no more than 5) key scientific references may be included:    
Obesity is not new to mankind. However, its incidence has been on the rise over the past 
30 years in most industrialized countries as well as developing countries such as those in 
Africa resulting in obesity having become a chronic disease (Brown, 2006).  The World 
Health Organisation (2003) stated that Noncommunicable Diseases (NCD), for example 
cardiovascular disease, obesity and type 2 diabetes mellitus, now kill more people every 
year than any other cause of death in Africa.  The perception is that obesity is also rising in 
South Africa, however there is very little research that has been conducted to support this 
perception.  Kruger, Kruger and Macintyre (2005)  suggested that population groups in the 
process of transition owing to urbanization experience greater problems with dietary and 
activity pattern changes, resulting in higher obesity levels.  There are many reasons for or 
factors associated with the incidence of obesity, many of which South Africa has fallen pray 
to as well.  A very important consequence of obesity or overweight is the fact that 
adolescents who are obese are often socially ostracised and teased, putting them at risk 
for depression and isolation (Hamilton, 2007).  It is therefore assumed that South Africa  
would also be plagued by this disease.  In order to mobilise and support any intervention 
to alleviate this problem one needs to identify the extent of the problem.  It is in this 
regard that the present study wishes to make a contribution. 
n) Briefly state the methodology (specifically the procedure in which human subjects will be participating) (the full protocol is to be 
included as Appendix 1):  
The measuring instruments and measuring procedures to be used in this study are stated 
below. Testing will take place at the schools in a room conducive to the tests, attended by 
an adult that the children are familiar with, the researcher and by research assisstants. 
o) The measuring instruments are: Anthropometric measures: Height (stadiometer), weight 
(weight scale), Body Mass Index (BMI) (calculator), skinfolds (Harpenden Calipers), 
minimum Waist Circumference (steel tape measure), maximum Hip Circumference (steel 
tape measure), 21-item Fat Measure for Dietary Intake (Questionnaire), International 
Physical Activity Questionnaire (IPAQ). 
p) State the minimum and maximum number of participants involved (Minimum number should reflect the number of participants 
necessary to make the study viable)   Min:  100    Max:  400   
 
 
2. RISKS AND BENEFITS OF THIS STUDY 
a) Is there any risk of harm, embarrassment or offence, however slight or temporary, to the participant, third parties or to the community 
at large.?    YES     
If YES, state each risk, and for each risk state i) whether the risk is reversible,  ii) whether there are alternative procedures available 
and iii) whether there are remedial measures available. 
  Embarrassment or offence: the risk is avoidable by not using the word "obesity" and by 
being sensitive to their comfort and feelings.  Skinfolds are to be measured on the 
upperarm, below the shoulder blade and next to the naval.  Circumferences are to be 
measured at the level of the waist and the hip.  This could be an invasion of their privacy.  
There are unfortunately no other viable alternative procedures available.  Each child will be 
briefed before and after the testing as well as having each procedure explained to them 
before and also while the testing is being conducted.  The skinfolds and circumference 
measurements will all be conducted by Biokinetics Interns who are professionally trained to 
do these measurements and who would take the utmost care to be professional in their 
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conduct.  Parents will also be alerted to the fact that these measurements will be taken in 
order to allow them to take an informed decision as to whether they would want to give 
permission for their children to be involved in this research project.     
b) Has the person administering the project previous experience with the particular risk factors involved?  YES   
If YES, please specify: The researcher is a Biokineticist in training.  She has completed her 
honours degree in Biokinetics and has completed half of the required internship to qualify 
as a registered Biokineticist.  The supervisor of the project is a fully registered Biokineticist 
and Anthropometrist.     
c) Are any benefits expected to accrue to the participant (e.g. improved health, mental state, financial etc.)? YES   
If YES, please specify the benefits:  Awareness of the problem and the introduction of methods that 
can be used to improve their quality of life and their health.     
d) Will you be using equipment of any sort? YES  If YES, please specify:   Stadiometer, weight scale, calculator, 
Harpenden Calipers, steel tape measure, 2 Questionnaires  
e) Will  any article of property, personal or cultural be collected in the course of the project? NO   
If YES, please specify:     
 
3. TARGET PARTICIPANT GROUP 
a) If particular characteristics of any kind are required in the target group (e.g. age, cultural derivation, background, physical 
characteristics, disease status etc.) please specify: 10 - 12.99 years old, attend a school in Port Elizabeth.    
b) Are participants drawn from NMMU students?  NO  
c) If participants are drawn from specific groups of NMMU students, please specify:    
d) Are participants drawn from a school population?  YES  If YES, please specify: The children will be selected from 
Port Elizabeth schools that have been classified into 3 groups: low, middle and upper 
socioeconomic areas.   
e) If participants are drawn from an institutional population (e.g. hospital, prison, mental institution) , please specify: NA   
f) If any records will be consulted for information, please specify the source of records: NA    
g) Will each individual participant know his/her records are being consulted?  YES   
If YES, state how these records will be obtained:      
h) Are all participants over 21 years of age?  NO  If NO, state justification for inclusion of minors in study:  The study is 
concerned with Adolescent Body Fatness and associated selected health risk factors.  
 
4. CONSENT OF PARTICIPANTS 
a) Is consent to be given in writing?   YES   
If YES, include the consent form with this application.  (A pro-forma file "REC-H Informed Consent Pro-forma" is available for your 
convenience.  Modify it to suit your requirements, and attach as "Appendix 2").  
If NO, state reasons why written consent is not appropriate in this study.       
b) Are any participant(s) subject to legal restrictions preventing them from giving effective informed consent?  YES   
If YES, please justify: Their age and so the consent form is aimed at the parent or guardian, while 
the children will be completing a very simplified assent form.     
c) Do any participant(s) operate in an institutional environment, which may cast doubt on the voluntary aspect of consent?   NO   
If YES, state what special precautions will be taken to obtain a legally effective informed consent: 
    
d) Will participants receive remuneration for their participation?  NO  If YES, justify and state on what basis the remuneration is 
calculated, and how the veracity of the information can be guaranteed.       
e) Do you require consent of an institutional authority for this study?  YES  If YES, specify:   The Port Elizabeth Education 
Department and the relevant Principals of the selected schools.     
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5. INFORMATION TO PARTICIPANTS 
a) What information will be offered to the participant before he / she consents to participate? (A pro-forma file "REC-H Preamble Letter 
Pro-forma.doc" is available for your convenience.  Modify it to suit your requirements, and attach as [Appendix 2].  Attach any oral 
[Appendix 3] information given) 
b) Who will provide this information to the participant?  (Give name and role)   
Andrea Sanderson  PI  If "Other", please specify:     
c) Will the information provided be complete and accurate?   NO  If NO, describe the nature and extent of the deception involved and 
explain the rationale for the necessity of this deception below:  
The title and the aim of the study has been altered to protect the parents and the children 
from any hurt or sensitivity.  Because the topic deals with obesity, the parents and 
guardians are being told that the research is for body composition of children in Port 
Elizabeth schools, which is true.  The measurements taken will enable the researcher to 
determine what percentage of the participants body weight is fat and what percentage is 
muscle, bone and organs.  From these figures and using  normative scales, one can 
interpret the result of a participant as reflecting obesity, overweight, at risk for overweight, 
normal or below normal.     
 
6. PRIVACY, ANONYMITY AND CONFIDENTIALITY OF DATA 
a) Will the participant be identified by name in your research?  NO   If YES, justify:       
b) Are provisions made to protect participant’s rights to privacy and anonymity and to preserve confidentiality with respect to data?  
YES   If NO, justify  If YES, specify:  Neither the child or the school's names will be mentioned at any 
stage during the reporting of the findings of the study.         
c)  If mechanical methods of observation be are to be used (e.g. one-way mirrors, recordings, videos etc.), will participant’s consent to 
such methods be obtained?  Not Applicable   If NO, justify:        
d) Will data collected be stored in any way?  YES  If YES, please specify: (i) By whom?  (ii) How many copies?  (iii) For how long?  (iv) 
For what reasons?  (v) How will participant’s anonymity be protected?  i)The principal investigator, ii) the original, 
1 hard copy, 2 electronic copies, iii) the duration of the study and the write up, iv) incase 
the data needs to be rechecked or consulted for further information, v) each participant  
will receive a participant number that will be linked to their name and school should 
outstanding information be required during the duration of the study.  However for analysis 
purposes only the participant numbers will be used.  Only the researcher will have the link 
between the numbers and the corresponding names.  The participants names will therefore 
not be used during the analyses of the data or in any form during the reporting of the 
findings.   
e) Will stored data be made available for re-use?  NO  If YES, how will participant’s consent be obtained for such re-usage?       
f) Will any part of the project be conducted on private property (including shopping centres)?  YES  If YES, specify and state how 
consent of property owner is to be obtained:  The testing is going to be conducted on the school property 
and permission will be obtained from the principal of the school.     
g) Are there any contractual secrecy or confidentiality constraints on this data?  NO  If YES, specify:       
 
7. FEEDBACK 
a) Will feedback be given to participants?  YES  If YES, specify whether feedback will be written, oral or by other means and describe 
how this is to be given (e.g. to each individual immediately after participation, to each participant after  the entire project is completed, 
to all participants in a group setting, etc.) :  Feedback will be given in written format to the principal of 
each school which can be discussed further at their own discretion.     
b) If you are working in a school or other institutional setting, will you be providing teachers, school authorities or equivalent a copy of 
your results?  YES If YES, specify, if NO, motivate:   The Port Elizabeth Education Department will receive 
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a completed copy of the study.    
 
 
8. ETHICAL AND LEGAL ASPECTS 
a) The Declaration of Helsinki (2000) will be included in the references :  YES  If NO, motivate:       
b) I would like the REC-H to take note of the following additional information:         
 
9. DECLARATION 
If any changes are made to the above arrangements or procedures, I will bring these to the attention of the Research Ethics 
Committee (Human).   
I have read, understood and will comply with the Guidelines for Ethical Conduct in Research and Education at the Nelson Mandela 
Metropolitan University and have taken cognisance of the availability (on-line) of the Medical Research Council Guidelines on Ethics 
for Research.   
All participants are aware of any potential health hazards or risks associated with this study. 
I  AM NOT  aware of potential conflict(s) of interest which should be considered by the Committee.  
If affirmative, specify:          
   05 April 2013 
SIGNATURE: Professor Rosa Du Randt (Primary Responsible Person) Date 
   05 April 2013 
SIGNATURE: Andrea Sanderson (Pricipal Investigator/Researcher) Date 
 
10. SCRUTINY BY FACULTY AND INTRA-FACULTY ACADEMIC UNIT 
This study has been discussed, and is supported, at Faculty and Departmental (or equivalent) level.  This is attested to by the 
signature below of a Faculty (e.g. RTI) and Departmental (e.g. HoD) representative, neither of whom may be a previous signator. 
               
NAME  and  CAPACITY (e.g. HoD) SIGNATURE Date 
               
NAME  and  CAPACITY (e.g. Chair:FacRTI) SIGNATURE Date 
 
 
 
11. APPENDICES 
In order to expedite the processing of this application, please ensure that all the required information, as specified below, is attached 
to your application. 
 
 
APPENDIX 1: RESEARCH METHODOLOGY 
Attach the full protocol and methodology to this application, as  "Appendix 1". 
 
APPENDIX 2: INFORMED CONSENT FORM 
A pro-forma file "REC-H Informed Consent Pro-forma" is available for your convenience.  Modify it to suit your requirements, and 
attach as "Appendix 2".  If no written consent  is required, motivate at 4a) 
 
APPENDIX 3: WRITTEN INFORMATION GIVEN TO PARTICIPANT PRIOR TO PARTICIPATION 
A pro-forma file "REC-H Preamble Letter Pro-forma.doc" is available for your convenience.  Modify it to suit your requirements, and 
attach as "Appendix 3" 
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APPENDIX 4: ORAL INFORMATION GIVEN TO PARTICIPANT PRIOR TO PARTICIPATION 
If applicable, attach the required information to your application, as "Appendix 4". 
 
 
 
 
In order to facilitate improvements in efficacy/ease of use, feedback via a REC-H committee member will be appreciated. 
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APPENDIX B 
 
LETTER TO THE EDUCATION DEPARTMENT REQUESTING 
PERMISSION TO CONDUCT THE STUDY 
 
 
Human Movement Science Department 
NMMU 
Tel: +27 (0)41 504-2497  Fax: +27 (0)41-504-2770 
E-mail Head of Department: rosa.durandt@nmmu.ac.za 
2 June 2007  
 
Dear Sir/Madam 
 
REQUEST FOR PERMISSION TO CONDUCT RESEARCH IN PORT ELIZABETH 
SCHOOLS 
 
Your consent is kindly requested to conduct a research project involving children between the 
ages of 10 and 12 years within the district of Port Elizabeth Schools. 
 
I am a Masters student at the Nelson Mandela Metropolitan University in Port Elizabeth and 
for the purpose of the programme I need to conduct a research project in the form of a 
dissertation. In my study I plan on investigating and determining the incidence of childhood 
obesity in Port Elizabeth schools involving children in the above-mentioned age group.  My 
supervisor for this study is Professor Rosa Du Randt from the Department of Human 
Movement Science at the Nelson Mandela Metropolitan University. 
 
This study will require a minimum of 300 children from the Port Elizabeth school district.  The 
testing will be conducted at a convenient time for the school and the participants.  A short 
standardized test battery will be administered once only to all the children and the testing will 
take between 20 and 30 minutes. This battery includes the following measurements: weight, 
height, skinfolds, and waist and hip circumferences.  A physical activity and nutrition 
questionnaire will also be completed. The tests require minimal activity on the participant’s 
behalf and will not put them at risk in any way. 
 
The results obtained from the study will remain anonymous and the conclusions and 
recommendations drawn from this study will be made available for your perusal.  All 
information concerning the participants and the schools will be completely confidential. The 
identity of participants and the schools will not be revealed in any report or publication 
forthcoming from this study. 
 
The proposal for this study has been accepted by the Faculty Research, Technology and 
Innovations (FRTI) committee and has been submitted to the University’s Ethics committee 
which will provide an outcome on the 25 July 2007.  Due to the fact that there is limited time 
to obtain data as the testing can only be conducted in the third term, I am requesting 
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permission from the Department now, pending the approval from the Ethics committee.  I will 
inform you of the outcome as soon as I am advised.    
 
For further information on the study please consult the enclosed study proposal and please 
do not hesitate to contact me on the number provided below if you have any further questions 
or concerns.  
 
I trust that you will consider this request positively.  Thank you in advance. 
Yours in child health 
 
 
 
 
Andrea Sanderson     Prof R Du Randt 
Researcher       Supervisor 
082 338 2237      rosa.durandt@nmmu.ac.za  
s202314790@nmmu.ac.za 
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APPENDIX C 
 
LETTER TO THE PRINCIPALS OF THE SCHOOLS REQUESTING 
PERMISSION TO CONDUCT THE STUDY 
 
Human Movement Science Department 
NMMU 
Tel: +27 (0)41 504-2497  Fax: +27 (0)41-504-2770 
E-mail Head of Department: rosa.durandt@nmmu.ac.za 
June 2007 
 
Dear Sir/Madam 
 
REQUEST FOR PERMISSION TO CONDUCT RESEARCH  
 
Your consent is kindly requested to conduct a research project involving children between the ages of 
10 and 12 years at your school.  The regional Education Department has already given permission for 
the study to be conducted.  Please see the attached copy of their letter. 
 
I am a Masters degree student at the Nelson Mandela Metropolitan University in Port Elizabeth and the 
programme requires that I conduct research on a specific topic. In my study I plan on investigating and 
determining the incidence of childhood obesity in Port Elizabeth schools involving children in the above-
mentioned age group.  My supervisor for this study is Professor Rosa Du Randt from the Department of 
Human Movement Science at the Nelson Mandela Metropolitan University. 
 
If the school allows me, I would like to include some of the children attending your school as potential 
participants in my study.  Once you have given me permission to include children from your school in my 
study, I will seek permission from the parents involved and the participants themselves before any of the 
testing is conducted.  A short standardized test battery will be administered to all the children. This 
battery includes the following measurements; weight, height, skinfolds, waist and hip circumferences.  A 
physical activity and nutrition questionnaire will also be conducted. The tests require minimal activity on 
the participant’s behalf and will not put them at risk in any way. 
 
The results obtained from the study will remain anonymous and summarized conclusions and 
recommendations drawn from this study will be made available for your perusal.  All information 
regarding the participants and your school will be completely confidential.  The identity of the 
participants and the school will not be revealed in any report or publication forthcoming from this study.    
 
For further information on the study please consult the attached research proposal and please do not 
hesitate to contact me on the number provided below if you have any further questions or concerns.  
 
Yours in child health 
 
 
Andrea Sanderson     Prof R Du Randt 
Researcher       Supervisor 
082 338 2237      rosa.durandt@nmmu.ac.za  
s202314790@nmmu.ac.za 
 
 
 
262 
 
APPENDIX D 
 
LETTER TO THE PARENT REQUESTING PERMISSION FOR THEIR 
CHILD TO PARTICIPATE IN THE STUDY 
 
 
Human Movement Science Department 
NMMU 
Tel: +27 (0)41 504-2497  Fax: +27 (0)41-504-2770 
E-mail Head of Department: rosa.durandt@nmmu.ac.za 
June 2007 
 
 
Contact person:  Andrea Sanderson 
 
Dear Parent 
 
Your child is being asked to participate in a research study.  Both the Regional Education Department 
and the Principal of your school has given permission for this study to be conducted.  We will provide 
you with the necessary information to assist you to understand the study and explain what would be 
expected of you and your child (participant). These guidelines would include the risks, benefits, and your 
child’s rights as a study subject.  Please feel free to ask the researcher to clarify anything that is not 
clear to you.   
 
For your child to participate, it will be required of you to provide written consent that will include your 
signature, date and initials to verify that you understand and agree to the conditions. 
 
You have the right to query concerns regarding the study at any time.  A specific meeting time with the 
researcher will be set up at the school prior to the testing should you have any questions.  Telephone 
numbers of the researcher are provided.  Please feel free to call these numbers if the need arises.    
 
Furthermore, it is important that you are aware of the fact that the study has to be approved by the 
Research Ethics Committee (Human) (REC-H) of the university. The RECH consist of a group of 
independent experts that has the responsibility to ensure that the rights and welfare of participants, in 
research are protected and that studies are conducted in an ethical manner.  Studies cannot be 
conducted without RECH’s approval.  Queries with regard to your child’s rights as a research subject 
can be directed to the Research Ethics Committee (Human) by calling the Director: Research Capacity 
Development at (041) 504-2538. 
 
If no one could assist you, you may write to: The Chairperson of the Research, Technology and 
Innovation Committee, PO Box 77000, Nelson Mandela Metropolitan University, Port Elizabeth, 6031. 
 
Participation in research is completely voluntary.  You are not obliged to allow your child to take part in 
the study.  If you choose not to allow your child to participate in the study your decision will be respected 
and your child will not be discriminated against in any way.  If you do allow your child to partake, you 
have the right to withdraw them at any given time, during the study without penalty or loss of benefits.   
 
Your child’s identity will, at all times, remain confidential.  However the results of the research study may 
be presented at scientific conferences or in specialist publications, but in no way will the identity of your 
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child or the school be revealed.  Only the area in which the schools fall, namely Port Elizabeth, will be 
revealed.    
 
This informed consent statement has been prepared in compliance with current statutory guidelines.  It 
is requested that the attached documents be returned to the school within a day or a maximum of 2 
days from when you received them.  
 
Yours sincerely 
 
 
 
Andrea Sanderson     Prof R Du Randt 
Researcher       Supervisor 
082 338 2237      rosa.durandt@nmmu.ac.za  
s202314790@nmmu.ac.za 
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APPENDIX E 
 
NELSON MANDELA METROPOLITAN UNIVERSITY: 
INFORMATION AND INFORMED CONSENT FORM 
 
 
 
 
 
 
Title of the research project 
 
Body composition and the level of activity of as well as the intake of 
selected food groups among adolescents in Port Elizabeth Schools 
Reference number 
 
 
Principal researcher 
 
Andrea Sanderson 
Address 
 
 
Postal Code 
Department of Human Movement Science 
PO Box 77000 
Nelson Mandela Metropolitan University 
Port Elizabeth 
6031 
Contact telephone number 
 
082 338 2237 
041 504 2497 
 
 
A. DECLARATION ON BEHALF OF PARTICIPANT 
 (Person legally competent to give consent on behalf of the participant) 
 
Initial 
 
I, in my capacity as __________________________________________________________ 
of the participant ____________________________________________________________ 
I.D. number ________________________________________________________________ 
 
Address (of participant) _______________________________________________________ 
                                      _______________________________________________________ 
                                      _______________________________________________________ 
                                      _______________________________________________________ 
 
 
 
A.1 I HEREBY CONFIRM AS FOLLOWS: 
 
 
1. The participant was invited to participate in the above-mentioned research project that is 
being undertaken by Andrea Sanderson of the Department of Human Movement 
Science in the Faculty of Health Sciences of the Nelson Mandela Metropolitan 
University. 
 
 
2. The following aspects have been explained to me, on behalf of the participant: 
 
2.1 Aim:  The researcher is studying body fatness of adolescents in Port Elizabeth schools 
between the ages of ten and twelve and their level of physical activity and their 
consumption of certain foods.   
 
 The information will be used to: identify the incidence of certain health risk factors and to 
make recommendations regarding decreasing such risk factors should it be deemed 
necessary. 
  
 
2.2 Procedures:  I understand that the following will be measured and or expected from my 
child:  
• Height; 
• Weight; 
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• Skinfold thickness on the upper arm, waist, under the shoulder blades, on the hip 
and on the side of the calf; 
• Waist circumference; 
• Hip circumference, and 
• Completing a questionnaire about the type of physical activities the child participates 
in and how often they eat certain foods. 
I understand that they will not be forced into anything they don’t want to do or that which may 
make them feel uncomfortable.    
 
 
2.3 Risks:  Shyness on the child’s behalf that will be decreased by making them feel 
completely comfortable and by not forcing them in any way.   
 
 
 
2.4 Possible benefits:  As a result of my child’s participation in this study certain trends will 
be identified and awareness for the need/no need for physical activity to be brought back 
into schools can be increased. 
 
 
 
2.5         Confidentiality:  My child’s identity will not be revealed in any discussion, description or 
scientific publications by the researcher. 
 
 
 
2.6         Access to findings:  Any new information or benefit that develops during the course of    
the study will be shared as follows: a dissertation will be submitted for examination 
purposes; the results of the study will be forwarded to all the involved schools; an article 
will be submitted for publication in a relevant and reputable research journal; and a 
paper, which will be presented at a local or international research conference, should the 
opportunity arise. 
 
 
 
2.7 Voluntary participation/refusal/discontinuation:   
 
 My child’s participation is voluntary 
 
YES     
 
NO        
 
 My decision whether or not to allow my child to  participate will in no way affect my 
present or future  lifestyle 
 
TRUE     
 
FALSE    
 
 
 
 
3. The information above was explained to me by Andrea Sanderson/Translator 
 in  
Afrikaans      
 
English 
 
Xhosa 
 
Other 
 
and I am in command of this language and it was satisfactorily translated to me by 
Name of Translator ____________________________________________________ 
 
  I was given the opportunity to ask questions and all these questions were answered satisfactorily. 
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4. No pressure was exerted on me to consent to allowing my child to participate and I 
understand that I may withdraw my consent at any stage without penalisation. 
 
 
 
5. My child’s participation in this study will not result in any additional cost to me. 
 
 
 
A.2 I HEREBY VOLUNTARILY CONSENT TO MY CHILD’S PARTICIPATION IN THE       
ABOVE-MENTIONED PROJECT  
 
 Signed/confirmed at _________________________________ on ___________________________ 
              20______ 
 
Signature or right thumb print of parent _______________________________________________________ 
 
Full name of witness _____________________________________________________________________ 
 
Signature of witness _____________________________________________________________________ 
 
 
B. STATEMENT BY RESEARCHER 
 
I, Andrea Sanderson declare that 
- I have explained the information given in this document to 
 
(name of parent/guardian) _______________________________________________________ 
 
and/or his/her child (name of child) ________________________________________________ 
 
- he/she was encouraged and given ample time to ask me any questions; 
 
- this communication was conducted in  
Afrikaans  
 
English 
 
Xhosa 
 
Other 
 
and no translator was used / this conversation was translated into  
 
(language) __________________________________ by ______________________________________ 
 
- I have detached Section D and handed it to the participant  
 
YES 
 
NO 
 
Signed/confirmed at _______________________________ on _________________________ 
 20_____ 
 
Signature of interviewer ____________________________________________ 
 
 
Signature of witness ______________________________________________ 
 
 
Full name of witness ______________________________________________ 
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C. DECLARATION BY TRANSLATOR 
 
I, _______________________________________________________________________________ 
 
I.D. number _______________________________________________________________________ 
 
Qualifications and/ or Current employment _____________________________________________ 
_____________________________________________________________ 
_____________________________________________________________ 
 
confirm that I 
 - translated the contents of this document from English into  
 (indicate the relevant language) to the parent (the participant’s representative); 
 
(name) __________________________________________________________________________ 
 
- also translated the questions posed by   
 as well as the answers given by the investigator/representative; and 
 
- conveyed a factually correct version of what was related to me. 
 
Signed/confirmed at ______________________________________ on ________________________ 
20______ 
    
I hereby declare that all information acquired by me for the purposes of this study will be kept confidential 
 
Signature or right thumb print of translator __________________________________________________ 
 
Signature of witness ___________________________________________________________________ 
 
Full name of witness ___________________________________________________________________ 
   
         
 
D. IMPORTANT MESSAGE TO REPRESENTATIVE OF PARTICIPANT 
Dear representative of the participant 
 
Thank you for the participant’s participation in this study.  Should, at any time during the study: 
 
- you require any further information with regard to the study, or 
- your child complains about any of the tests they were involved in 
 
Kindly contact Andrea Sanderson at telephone number 082 338 2237. 
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APPENDIX F 
 
 
ADOLESCENT’S ASSENT FORM 
 
 
 
 
 
 
I, …………………………………………………, understand that my 
parent/guardian/care giver have given permission (said it’s okay) for me to 
take part in a study on what makes up my body, done by Andrea Sanderson.   
I am taking part because I want to, and I have been told that I can stop at any 
time I want to and I will not get into trouble if I want to stop. 
 
………………………………………  ………………………………… 
Signature      Date 
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APPENDIX G 
 
GENERAL INFORMATION FORM 
       
      Code 
Name:   
  
  
Surname:     
Age:   years   months   
Birth Date: Y/Y/Y/Y M/M D/D 
  
  
How do you get to school most days? (tick)     
a. Car   
  
1 
b. Bicycle   2 
c. Walk   3 
d. Jog/Run   4 
How far do you travel to get to school? (tick)      
a. 0 - 1 km   
  
1 
b. 2 - 5 km   2 
c. 6 - 10 km   3 
d. More than 10 km   4 
At what age did your menstruation start? (girls only)     
    years   months   
How sure are you about the year you mentioned above? (tick)        
    sure   unsure 0/1 
I'm sure about the year but unsure about the month (tick):       
    yes   no 0/1 
Do you have any medical conditions that you are aware of?      
  If so please tick below: 
  
a. Diabetes Mellitus (1 or 2)   1 
b. High Blood Pressure   2 
c. High Cholesterol   3 
d. Asthma   4 
e. Cystic Fibrosis   5 
f. Heart Disease   6 
g. Epilepsy   7 
h. Juvenile Idiopathic Arthritis   8 
i. Muscular Dystrophy   9 
j. Anemia   10 
k. Cancer   11 
l. Other (Specify):      12 
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APPENDIX H 
 
Data Collection 
 
Measurement  
Name  
Age  
Gender  
School   
Height  
Weight  
 1 2 
Skinfolds   
Biceps   
Triceps   
Subscapular   
Calf   
Abdominal   
   
Girths   
Waist   
Hip   
   
Muscular 
Strength 
  
Grip Strength (Right)   
(Boys only)   
 
 
RESULTS 
Sum of skinfolds (mm)  __________________ 
% body fat (%)    __________________ 
Estimated fat mass (kg) __________________ 
Lean muscle mass (kg)  __________________ 
WHR     __________________   
271 
 
APPENDIX I 
 
PACE+ DIETARY FAT SCREENING MEASURE (ADAPTED) 
Think about all the foods you ate over the last 7 days as part of a meal or as a snack.  Check how often 
                             you ate each food item listed - from "did not eat it this week" to  "more than twice each day."   
               
   In the past 7 days how often  Did not    Once  2 to 3   4 to 6   Once   More   
   did you eat…..  eat it  this   times  times  twice  than  
   this  week  this   this  each  twice  
   week    week  week  day  each day  
               
            *Hamburgers, meatloaf  0   1   2   3   4  5  
            *Beef: steaks or roasts  0   1   2   3   4  5  
            *Fried chicken, chicken       
             nuggets,  fried fish,  0   1   2   3   4    5  
             fish sticks             
            *Hot dogs   0   1   2   3   4  5  
            *Cold/ lunch meats              
            (ham, salami, polony)  0   1   2   3   4  5  
            *Bacon, sausage   0   1   2   3   4  5  
            *Eggs, omelet, quiche             
            (not egg substitutes)  0   1   2   3   4  5  
            *Pasta with sauce   0   1   2   3   4  5  
            *Pizza with meat   
             toppings  0   1   2   3   4  5  
            *Pizza with cheese   0   1   2   3   4  5  
            *Pasta with cheese or              
             cream sauce  0   1   2   3   4  5  
             *Full cream or 2% milk  0   1   2   3   4  5  
             *Ice cream, malt shake               
              (not frozen yoghurt)  0   1   2   3   4  5  
             *French fries, onion           
               rings  0   1   2   3   4  5  
             *Potato chips, tortilla  
               chips,  buttered             
               popcorn   0   1   2   3   4  5  
             *Cake, cookies,     
               brownies,  chocolate             
               bars   0   1   2   3   4  5  
             *Doughnuts, pastries,     
              muffins  0   1   2   3   4  5  
             *Cheese or cheese   
               spread  0   1   2   3   4  5  
             *Regular margarine or     
              Butter (not diet or light)  0   1   2   3   4    5  
             *Salad dressings,   
              mayonnaise   0   1   2   3   4  5  
              (not diet or light)             
             *Peanut butter,  
              other nuts,             
              sunflower seeds  0   1   2   3   4    5  
             
*What other foods do you eat regularly? _______________________________________________________________ 
        
Subtotals:    +   +   +   +   +    
Total:  = 
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APPENDIX J 
 
INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE 
 
We are interested in finding out about the kinds of physical activities that 
people do as part of their everyday lives. Your answers will help us to 
understand how active we are compared with people in other countries.  The 
questions are about the time you spent being physically active in the last 7 
days. They include questions about activities you do at school, as part of your 
house and yard work, to get from place to place, and in your spare time for 
fun, exercise or sport. 
 
Your answers are important. 
 
Please answer each question even if you do not think you are an active 
person. 
 
THANK YOU FOR PARTICIPATING. 
 
In answering the following questions, 
vigorous physical activities refer to activities that take hard physical 
effort and make you breathe much harder than normal. 
moderate activities refer to activities that take moderate physical effort 
and make you breathe somewhat harder than normal. 
 
 
1a. During the last 7 days, on how many days did you do vigorous 
physical activities like heavy lifting, digging, aerobics, or fast bicycling? 
Think about only those physical activities that you did for at least 10 minutes 
at a time. 
________ days per week  or   none 
 
1b. How much time in total did you usually spend on one of those days 
doing 
vigorous physical activities? 
 
_____ hours ______ minutes 
 
 
2a. Again, think only about those physical activities that you did for at least 
10 minutes at a time. During the last 7 days, on how many days did you do 
moderate physical activities like carrying light loads, bicycling at a regular 
pace, or doubles tennis? Do not include walking. 
________ days per week  or  none 
 
2b. How much time in total did you usually spend on one of those days 
doing moderate physical activities? 
 
_____ hours ______ minutes 
 
3a. During the last 7 days, on how many days did you walk for at least 10 
minutes at a time? This includes walking at school and at home, walking to 
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travel from place to place and any other walking that you did solely for fun, 
sport, exercise or leisure. 
________ days per week  or  none 
 
3b. How much time in total did you usually spend walking on one of those 
days? 
 
_____ hours ______ minutes 
 
The last question is about the time you spent sitting on weekdays while 
at school, at home, while doing homework and during leisure time. This 
includes time spent sitting at a desk, visiting friends, reading, traveling 
on a bus or sitting or lying down to watch television. 
 
4. During the last 7 days, how much time in total did you usually spend 
sitting on a week day? 
____ hours ______ minutes 
 
 
 
 
This is the end of questionnaire, thank you for participating. 
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